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PREFACE. 



Thb object of this book is to A^plain tbe br<^ principles 
of tbe Science of Domestic Economy ; a subject wbicb is 
wisely in process of introduction into tbe routine of 
general education. 

In all cases in wbicb matters of tbis practical character 
are used in the routine work of instruction, it is leading 
principles, rathep than subordinate details, that should 
be dwelt upon. A manual of Domestic Economy, for 
purposes of teaching, should be a scientific guide, rather 
than a modified form of cookery book, or a volume of 
rules and receipts. At any rate, at the present time, 
there is more want of the scientific guide than of any 
addition to the already long roll of books of an oppo- 
site kind. Tbe position is, therefore, from the first 
assumed in this manual that Domestic ScoiIOiny 
and Household Science are connected together by 
inseparable ties, and that they must go hand in hand. 

For the sake of convenience, the text has been cast into 
separate Lessons, which may be taken each one by itself. 
This will probably be found of some practical consequence 
whenever it is thought desirable to employ the volume as 
a Reading Book in the classes of schools. The work is, 
however, intended for home-use, as much as for schools ; 
and it is conceived to be especially a&Sf^V^^ iot y^*^^ 
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who haye pretty well finished their course of formal 
instruction, as well as for the higher grade of teachers. 
It is addressed especially to women and girls, because 
these are the arch-administrators of orderly rule in all 
households ; but there is, in reality, scarcely anything in 
its pages that does not need to be intelligently understood 
by men, as well as by women. 

The entire range sketched out in the Domestic 
Economy requiremfiata^of the Begulations of the Educa- 
tion Department,* is coyered by these Lessons ; but their 
subject and sequence have been determined by the neces- 
sities of the case rather than by external suggestion. It 
will hence be found that the Domestic Economy which 
is dealt with in these pages is an organized and metho- 
dical system, inherently connected from beginning to end. 

The introductory chapter of the section which is 
devoted to the Alphabet of the Subject, sufficiently indi- 
cates the extent and character of the design. 

The derivations of words, which are placed at the head 
of the several Chapters, or Lessons, have been introduced 
to draw iittention to the importance of giving a fixed and 
exact force to verbal expressions employed in scientific 
teaching. Whenever in these lists explanations of mean- 
ing occur without derivations, it will be found that such 
have been already furnished upon some earlier occasion, 
and are therefore presumed to be known. 

♦ Fourth Schedule. New Code of Regulations of the Educa- 
tion Department of the Gtovemment 
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SECTION 1. -INTRODUCTION AND ALPHABET OF THE 

SUBJECT. 

LESSON I. 

DOMESTIC ECONOMY AND HOUSEHOLD SCIENCE. 

DBBIYATIONS. 

Regulation. — Ordering according to rule. Lat T^gOleLy a rule. 
Relation. — Connection between things or persons. Lat, rSlatunXy 

carried back, or referred. 
Primarily. — In the first place. Lat primus, first. 
Indispensable. — Not to be spared, or done without. Lat in^ 

negative prefix, dispendo, to take from a weight. 
Application. — The employment of means for a purpose or end. 

Lat applico, to set one thing near another. 
Appliance. — ^A thing used for a special purpose. Lat applico. 

Responsible. — Answerable for. Lat respondSo, to answer. 
Property. — Quality belonging to anything. Lat proprius, 

peculiar to. 
Operations. — Actions, doings. Lat 5pus, pi. 5p8ra, works. 
Array .-^A number of objects set in order ; fi'om an old A. Saxon word. 
Efficiently. — Effectually. Lat efficio, to bring to pass. 

Part I. 
In treating, for teaching purposes, of that branch of 

practical knowledge which is called Domestic Eco- 
nomy, it is desirable to consider carefully, in the first 
place, what is implied in those words, and wh».l 1\^^ 
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various subjects are that may properly be held to fall 
within the range they confer. 

The word economy was first used by the splendid 
race of men, who lived in the country called Greece, more 
than two thousand years ago. The term, as they em- 
ployed it, meant the regulation and management of the 
household. The word consists of two parts : the eco is 
derived from the Greek word oikos, a house, and the 
nomy is also taken from the Greek nQmoS, law, or 
management. Eco-nomy is, thus, properly house-regula- 
tion, or management. 

The Eomans, who followed the Greeks as the leaders 
of European enlightenment and civilization, were marked 
above all things by their reverence for order and law. 
They, therefore, soon adopted the good Greek word into 
their own language. But, before very long, being 
essentially an organizing as well as a law-loving people* 
the word took a wider meaning in their hands, and im- 
plied the orderly regulation of afiGsiirs, in the broader 
relations of the community, and the State ; as well as in 
the narrower ones of the family, and house. Englishmen 
of modem days have followed the example of the Romans 
in adopting the word, but, in their turn, have also in some 
measure changed the sense in which it is employed. In 
the English language, and by English-speaking people, 
economy is generally understood to signify both a judi- 
cious and careful expenditure of money, and a prudent 
and unwasteful use of such things as are purchased by 
it. Economy is thus now held to mean the wise and 
prudeot employment of money, upon an orderly and well- 
considered plan; and the right ^d careful use of the 
various things that are bought with it. In the best 
English dictionaries, the word is defined to mean, the 
management and conduct of the general afiGtiirs of life, 
ff^'^A prudence, thrift, and frugality. 
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But it is, nevertheless, convenient, that there should bc) 
a branch of this science of general good management, 
which is considered to apply to the family or household 
in particular ; and accordingly, one department of it is 
distinguished as Domestic ScoiIOiny. The word 
domestic is derived from domus, the old Boman word 
for a house or home. There is the somewhat awkward 
circumstance in connection with this dengnation that 
the house or home appears, first, as the Latin domus, 
in the limiting adjective, and then as the Greek oikos, 
in the noun combined with it. The whole expression, 
therefore, amounts to domestic house-management. As, 
however, the expression has now taken a strong hold 
upon the public understanding, there is no help for this; 
and domestic economy must be accepted as the desig- 
nation of the science which teaches the prudent, frugal, 
and good ordering of a household; or, as it has been 
well expressed in some recently published little books, 

home-management. 

The first matter which domestic economy must deal 
with, in this acceptation, is the condition and needs of 
the living bodies that have to be cared for in human 
dwellings, or homes. There are certain prime neces- 
saries, as they are called, of life, which are quite indis- 
pensable to living beings, and which, indeed, are in some 
sense provided for them by nature, but which have to 
be further arranged for when households are formed in 
accordance with the plans of civilized existence. These 
prime necessaries of life are food, "water, air, 
'warmth., and, in all but the most barbarous com- 
munities, clothing. >^s human beings advance from 
the rude to the more civilized and better ordered 
social state, the providing of these necessaries has to 
be more and more made a matter of ioie^ou^^ viA 
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plan; and when they reach the most advanced con- 
dition, of living together in crowded societies, such as 
are seen in cities and towns, this forethought and plan 
become of the highest importance. The well-being, 
indeed, of each member of the family and household 
depends upon the good ordering of the supply of such 
necessaries, and the judicious application of their in- 
fluences, n^nce, these are all the proper objects both of 
the study and the practice of domestic economy, and will 
have to be fully dealt with, as such, in these pages. 

When, however, the household or home is not well 
managed and well cared for in respect to these prime 
necessaries of life ; the result sooner or later is, that some 
one member of the family falls into sickness. Indeed, 
just because homes are ignorantly managed, and ill-cared 
for, sickness is very commonly met with in them. When 
sickness comes from this cause, or, as it sometimes, al- 
though much less frequently does, from other causes, 
which cannot be as easily understood and controlled ; it 
has to be removed by remedial treatment and nursing, and 
this must be for the most part accomplished in the home. 
Good and bad health, sickness and nursing, are also, 
therefore, matters that have to be dealt with by this 
particular branch of economy. 

When all that relates to the direct necessaries of life, 
to the maintenance of health, and to the removal of sick- 
ness has been attended to, there still remains a large class 
of other things that have also to be considered in ordering 
the home. These, although not prime necessaries of life, 
are prime necessaries of comfort, and therefore not to be 
overlooked in a plan which avowedly regards good order, 
as well as absolute need. 

The furniture and utensils that are employed in the 
houBe, the wajcm bedding and beds, the tables and chairs, 
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the curtains and carpets, and above all, the means and 
appliances for cooking and cleaning, are prime necessaries 
of comfort. 

Again, in most households it is found necessary to 
diylde the work which has to be done amongst various 
people, and to have some of these especially trained for 
certain parts of it ; such as cooking the food, cleaning the 
house, and waiting upon the inmates. The arranging of 
all this work has to be thought of and planne^L by the 
master and mistress, who are the responsible controllers 
and heads of the house. Thus the duties of servants, 
their relations to their employers, and their good manage- 
ment or handling, are also matters with which domestic 
economy has to deal. 



Part II. 

SiNOB prudent and frugal, as well as judicious and well- 
directed, expenditure is involved in the very idea of 
economy, in the broad English acceptation of the term, 
money, which is the common medium of exchange, and 
the artificial representative of value, unavoidably presents 
itself in connection with the subject. Since money has to 
be earned before it is spent, and should always be 
turned to good account, and well managed, when it is 
not spent as well as when it is, there are some points 
and considerations relating to earning and saving, that 
require to be especially glanced at by themselves. A 
distinct subdivision of the lessons is, therefore, devoted to 
the spending, earning, and saving of money. 

Brief reflection will lead any intelligent person to see 
that the well-ordering of all these various matters, or, 
in other words, a good and sound system of domestic 
economy, can be secured only when tiiexe la & qotq^\j^\^ 
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knowledge of the materials and conditions that have to be 
dealt with. To mean well is not enough, unless correct 
and sufficient knowledge goes with the good purpose. 
Hence, the science which bears upon each branch of 
the subject requires to be explained ; and, in this way, 
Household Science, or the knowledge of the pro- 
perties, conditions, and relations of the objects that 
haye to be considered and managed, becomes the in- 
separable companion of Domestic Economy, and runs hand 
in hand with it. 

The lessons which are contained in the following 
pages will, therefore, not only tell what things are to be 
done in the good management of a household ; but will 
also explain why they are to be done ; and why, in very 
many instances, they mvM be done, if such management is 
to be good. 

One great point, indeed, which has to be aimed at from 
first to last, is to get clearly to feel, that a satisfactory 
scheme of practice in this matter can be arrived at only 
when the great natural facts, upon which operations are 
based, are clearly known and apprehended. 

It is one important advantage of this method of treating 
the subject, that it enables a vast and almost unmanageable 
array of merely dry details, which would be suf&cient to 
fill a large book by themselves, and which are too often 
unnecessarily and disadvantageously introduced into the 
routine of teaching, to be omitted altogether. An ade- 
quate knowledge of the leading principles, or, in other 
words, an acquaintance with the science of domestic 
economy, at once serves as a trustworthy guide through 
the innumerable details of practical action ; and also 
enables the whole to be efficiently and intelligently dealt 
with, upon a general plan. 
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LESSON n. 

ATOMS AND MOLECULES. 

DBRIYATIONS. 

Existence. — The state of being. Lat, existo, to be. 

Material. — Made of matter. Lat, xnatSria, substance of which 

anything is made. 
Construction. — A building together of parts. Lat, constrilo, to 

build up. 
Minuteness. — Extreme smallness. Lat minilo, to make less, to 

diminish. 
Pig^y. — A dwarf, an objec£ of very small size. Lat, Pyg^msei, a 

small, or dwarfish race. 
Process. — A proceeding, manner of accomplishing anything. Lat. 

procedo, to go on. 
Primarily. — In the first place. 

Matter. — ^The substance of which bodies are made. Lat, matSxia. 
Detected. — Discovered. Lat, detSgO, to uncover. 
Mechanical. — Belonging to a machine. Lat, machina, an engine. 

Thb first and, perhaps, most important necessary of 
living existence is food. This food is, however, pre- 
pared for the use of animals in a particular way ; and 
is made out of particular things ; both of which must be 
known to a certain extent, before much that has after- 
wards to be studied, can be properly understood. 

But, before considering the nature of food ^ there are 
certain introductory facts which must be glanced at ; 
just as it is always found well, that young children 
should be taught the alphabet, before they are set to read. 
The alphabet, in this case, relates to the construction 
of the bodies of living women and men, and to the 
nature of the several substances out of which those 
bodies are formed. Some things mnst tldeioiot^X^^^wctL^ 
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concerning these, before the action of food upon those 
bodies can be satisfactorily considered. 

All the material substances of nature, whether living, 
or dead, are made of little pieces, or parts, just as the 
walls of a house are built of bricks. But these little 
bricks, which are used in the construction of the materials 
of the earth and of living bodies, are very small indeed. 
They are in reality so small, that it is not at first easy 
to form any clear notion of their minuteness. Still, there 
are some ways of looking at the matter which enable this 
to be done ; and it is well that it should be done in the 
beginning of this work, since it is by such little pigmies 
of existences, as have now to be described, that so many 
of the beautiful operations of nature, afterwards to be 
spoken of, are worked out. 

Gold, which is used for the making of sovereigns, is a 
material substance. Now, when a small lump of such 
gold is beaten down into thin leaf, like that which is 
employed in the process of gilding, it is at last beaten so 
thin that not less than 300,000 such leaves can be piled 
upon each other within the depth of a single inch. 
Let it be considered what this condition of thinness 
involves. The little particles, or bricks, of which the 
gold leaf is built, cannot be larger than the thickness of 
the leaf. So much is at any rate clear. They must be so 
small, that 800,000 of them could be laid side by side 
in a row, within the length of an inch. If it be 
conceived that those particles are as long as they are 
broad, then there would be 300,000 times 300,000, or 
900,000,000,000 (nine hundred thousand millions) of 
them in a square inch of the leaf; that is to say, it would 
take as many of them as that, laid down side by side, 
after the fashion of the pavement of a brick or tiled floor, 
Unnake up the square inch of the leaf. 
A small particle of gold wbicli is aa Bm«2i\ ^ ^bisr— 
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that is, which is only the 300,000th part of an inch 
across, — can be quite readily seen by the help of the 
powerful microscopes that are now employed by scientific 
men. Gold particles, indeed, can be made so small 
that they are not much more than half that breadth, or 
the 500,000th part of an inch across, before they cease to 
be visible on account of their smallness, with the most 
powerful microscopes. So small, then, it can actually be 
seen that the little particles are, of which a substance like 
gold is built up. 

But the gold can be broken up by particular means, 
that men who understand chemistry know how to employ, 
tmtil each particle, or part, is very much smaller than the 
least one that can be seen by the microscope ; and this, 
which is true of gold, is true also of every other substance 
in nature. All can be broken up into particles that 
are far too small to be seen even by microscopes. 
Every substance in nature can therefore be made to dis- 
appear to the eye, if it be broken up into the minute frag- 
ments of which it has been primarily made ; and if these 
several minute fragments be so scattered apart, that no two 
of them can be looked at, clinging together as one. There 
are indeed good reasons for the belief, that the smallest 
particles, of which material nature is built, are at least a 
quarter of a million times smaller, than the smallest 
speck of shining gold, that can be seen by the help of the 
microscope. 

The several particles, of which all material sub- 
stances are made, are therefore so small, that none of 
them can be seen, until a great number are crowded 
together. But the smallest particle into which matter 
of any kind can be broken up, although it cannot be seen, 
can be detected and observed by other contrivances of 
soience. These smallest particles which, muy, \tl «i «rsca^^ 
he looked upon as the little bricks employed, m ^<^ ^^^^^ 
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strnction of material bodies, have indeed a name of their 
own. They are called atoms. That word simply 
means, things which cannot be cut into halves, or divided 
again. An atom is thus merely a particle of matter, so 
small, that it cannot be again further broken into pieces 
by any contrivance that is known to man. The atoms 
of matter are all fragments, or particles, which are very 
much too small to be seen even by means of microscopes. 
They are things which can be reasoned about, but not in- 
dividually shown. 

There is another word which is constantly used when 
the construction of the material bodies of nature is spoken 
of, and which needs also to be Well understood. When 
hard bodies are broken down into very small fragments, 
and those fragments are again broken down until they are 
as small as they can be made by grinding, pounding, and 
other mechanical operations of a like kind, those finely 
divided parts are then termed molecules. Now the 
word molecule merely means a little mass. A molecule, 
indeed, is a little mass, or grouping together, of atoms. 
There may be many atoms, or few, in the mass ; and the 
mass, aftcfr it has been formed of this group of atoms, may 
still possibly be so small that it cannot be seen, and in 
fact almost always is so. It is only when many mole- 
cules are put together into a lump, that the lump becomes 
visible even with microscopic help. Thus, in the building 
up of material bodies, atoms are first grouped together 
into molecules, and these molecules are united together 
into continuous substance, or mass. In this way, 
then, molecules may be looked upon aB being the bricks 
out of which material bodies are made; whilst atoms, 
in their turn, serve as the bricks for the construction 
of molecules. Atoms are the smallest and indivisible 
/xarfyf of material bodies; and molecules are groups, or 
oluatera ofatome. 



THE KATUBE OV AIB. 11 



LESSON m. 

THE NATURE OF AIR. 

DSRIYATIONS. 

Elude. — To escape. Zat. elUdo, to avoid. 

Illustration. — Rendering bright or shining. Lot. lustrum, a 

cleansing. 
Comparatively. — Bj comparison. Lat, compSro, to pnt on a 

level. 
Compared. — Looked at to ascertain likeness, or difference. 
Extend. — To stretch out. Lat, extendo, to stretch oat. 
Direction. — ^Through in a straight line. Lat. dirigo, to lay straight. 
Beflected. — Thrown, or bent back. Lat. reflecto, to bend back. 
AeriaL — ^Air-like, or, belonging to air. Lat. aer, air. 

As men moye about on the ground and upon the sea, 
they are surrounded everywhere by lAaterial substance 
although it cannot be seen. This invisible substance 
is felt pushing against the fSace, when the wind blows ; 
it can be weighed in a pair of scales even whilst it 
eludes the eye ; and in reality is rolled quite round the 
earth as a soft, thick garment, which is familiarly known 
to the people who live in it and breathe it, under the 
name of air. 

Now this invisible air, which is heavy in its way, and 
substantial, although it eludes the eye, is a ready illustra- 
tion of the fact already explained, that matter is made up 
of little particles or atoms, which are too small to be seen 
when they are scattered loosely asunder. The air is 
composed of little atoms in just this separated, and widely 
spread state. The atoms of the air are so widely spread 
apart that each one of them floats, at least many times its 
own breadth, away jfrom its nearest com|^«3noTi& «t ti<e5^2^'> 
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boors. In other words, there are comparatively broad 
intervals, or empty spaces, between them. On this account 
air is thin and light compared with all other substances on 
the earth, that are as common and as abundant as itself. It 
is so light and thin, that only a trifle more than Ave grains 
of it, can be got into a half-pint bottle, although there 
are 480 such grains in an ounce. If that bottle were 
fllled with water instead of air, it would be found that the 
water weighed 4280 grains, because it is 800 times heavier 
than air, bulk for bulk. The same bulk of quicksilver 
would weigh nearly 52,000 grains ; and the same bulk of 
gold, which is one of the heaviest bodies known, 75,000 
grains. Air is nearly fifteen thousand times lighter than 
gold. 

The air which is scattered around living creatures that 
move upon the face of the earth, extends up from the 
ground to a very long distance. It rises up into the sky 
high above the clouds. It is not known exactly how far 
it goes up, because men have never been high enough to 
find where it ends. They have, however, climbed up lofty 
mountains five miles high, and found air there ; and they 
have floated up seven miles in balloons, and found it there 
also. It is probable, indeed, that the air extends at least 
forty-five, or fifty miles, away from the surface of the 
earth. 

Although, therefore, the air is so thin and so light in 
itself, it becomes heavy enough when the great height to 
which it extends is taken into account. If a small 
square of card, one inch long and one broad, that is, as 
large as the sketch on the next page, be held in the 
hand or be laid flat upon the ground, that small piece 
of card has a weight of fifteen pounds of the' thin light air 
resting upon it. Upon every square yard of ground 
iJiere Has iiomething more than five tons of air — 
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that is, as much air, by weight, as fifty sacks of coals. 
Upon every acre of grass land, or of ploughed field, there 
is pressing down something more than 22,000 tons of 
this invisible substance. The air, 
therefore, has a heavy as well as a 
light side to be taken into consider- 
ation. 

There is one way, and one way 
only, in which a bare glimpse of this 
otherwise invisible substance can be 
caught by the eye. If the very great 
depth of it, for the entire fifty miles, be looked into on a 
clear bright day, when there are no clouds floating in 
the way ; the light, which glances off from the vast array 
of little particles that crowd on and on behind each other 
in that upward direction, may be seen, although the 
particles themselves are not. 

The blue sky is, in reality, this glancing light reflected 
from the deep and not entirely transparent air, just as 
the greenness of the sea is an appearance caused by 
looking into the substance of water downwards instead of 
upwards. When men climb up high mountains, the sky 
over their heads gets constantly darker and less blue, 
with each successive stage of their ascent, because there 
is then less and less of the blue aerial substance to be 
looked through, and seen by means of the glancing light. 
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LESSON IV. 

THE GASEOUS STATE. 

DEBIVATIONS. 

Tendency. — Inclination towards. Lat. tendo, to stretch ont. 

Attraction. — Drawing towards. Lat, attrfiho, to draw to. 

Gravitation. — Attraction causing weight. Lat, grfivis, heavy. 

Repulsion. — A driving off. Lat, rSpello, to thrust or drive back. 

Intervening. — Coming between, Lat, inter, between ; vSnip, to 
come. 

Particulars. — Distinct points, details. Lat, partlciUftris, be- 
longing to a part. 

Property. — Quality belonging to a thing. 

Provision. — A making ready beforehand. La;t. providSo, to fore- 
see, or take order for. 

When the molecules of matter float in this aeriform, or 
air-like way, a considerable distance apart, so that the 
intervals or blank spaces between are larger than the 
spaces that are occupied by the air-molecules them- 
selves, each separate atom is free to roll over and over 
amongst the rest ; and not only so, but is also free to leap 
farther away from its neighbours, unless it is pressed in 
upon them by an outer force, that is as strong as its own 
tendency to move away. In the case of the air, an outside 
controlling force of this kind is provided in the attraction 
of the earth. The earth holds its soft outer garment of 
air pressed closely round its surface of land and sea, by 

what is termed the attraction of gravitation. 

The obedience of the air to the pull which the solid 

earth exerts upon its substance, is its weight, and it is the 

pressure of this weight that keeps the entire mass of little 

ajr-particleB from flying away into space. The outer 
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layers of the thin substance press down upon the lower 
or inner ones, and hold them in their place, although not 
touching them, just as an outer shell might do. Both 
the repulsion of the several little particles from each 
other which strives to make them leap asunder ; and the 
controlling attraction of the earth which prevents them 
from doing so beyond a certain limited distance, act, how- 
ever, through an intervening blank space, just as the 
attraction and repulsion of magnets are seen to do. Mag- 
nets attract needles, and repel other magnets like to them- 
selves, when there are considerable blank spaces inter- 
vening between. The molecules of air in this particular 
of repulsion and attraction are like magnets. 

When the substance of a body is spread out, by the loosen- 
ing and scattering of its particles astmder in this thin and 
air-like way, it is termed, in the language of science, a 
g^as. The air is in the gaseous state ; but there are sundry 
other gases in nature, although not found so readily, 
nor so abundantly supplied, as the air. They all of them 
agree in the attributes that have been described as belong- 
ing to air. They all of them have their minute particles, 
or atoms, so small and floating so widely apart, that their 
substance cannot be seen ; and in all of them the little 
invisible atoms that compose them repel one another, and 
are nevertheless drawn together by the attraction of the 
earth. 

There are two properties, therefore, that at once serve 
to distinguish all bodies in the gaseous state. They are 
all compressible, and can be made to occupy a smaller 
space when their widely separated atoms are squeezed in 
more closely together; and they are all elastic, and 
leap back into their original bulk, as soon as the squeez- 
ing in force, or compression from without, ds withdrawn. 
These properties, as they are called, oi ^^o\]& V^<^^^ 
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namely, compressibility and elasticity, are yery 

strongly marked in air. 

One immediate consequence of this condition of the 
particles of the air is, that its suhstance gets thinner and 
thinner as it is farther away from the level of the sea, 
which may be taken as the general position of the proper 
surface of the earth. When men climb to the top of a 
mountain, like Mont Blanc, which is a little more than 
three miles high, they find they have got up half through 
the substance of the air, that is, as far as its quantity, 
when estimated by weight, is concerned. One-half of the 
entire number of air-particles lies within three miles of 
the earth, and the other half is scattered in the forty-seyen 
or more miles beyond. The extreme limit of the air would 
be found, where the outward repulsive play of its particles 
is just balanced by the power with which the earth draws 
them together, in the opposite direction. Where that 
occurs, the particles form a definite surface of air, in some 
measure like that of the liquid surface of the sea ; and at 
that surface the air-substance surges up and down just as 
the waves or billows of the sea surge up and down, on the 
outer surface of the water. 

The loosened arrangement of the particles of the air, 
(scattered widely asunder as they are in the way which 
has been described), is a direct provision for one of the 
chief offices that this soft outer garment of the earth has 
to perform. The living creatures that dwell upon the 
surface of the earth, and that are there closely surrounded 
by the air, have their bodies made of various substances 
which are always in a state of what is termed decompo- 
sition, and change, that is, they are always taking new 
particles in, and throwing old particles out. As will 
shortly be seen, all the operations of life are of this 
character of unceasing and never-ending change. It 
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will be readily understood, therefore, how serviceable for 
these operations, involving incessant change, must be an 
abuncMuit supply of a substance the molecules of which 
are already loosened asunder, and floating apart; and 
in consequence, ready to move in any direction in which 
they can best be turned to account. 

The readiness with which the loosely floating molecules 
of the air rush about for the performance of this appointed 
task, is shown in the free and imceasing movements of the 
wind. The wind is always blowing, either in gentle 
streams or in violent gusts. The wind is, in reaHty, the 
rushing along of the molecules of the air, in currents or 
in eddying whirlpools. In all cases, the blowing of the 
wind is sustained by the readiness with which the loosely 
scattered molecules of the air can roll about amongst each 
other. 
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LESSON V. 

VITAL AIR, OR OXYGEN GAS. 

DEBIYATIONS. 

Constitute. — ^To make a thing what it is. Lat, con, with ; 
Statuo, to baild. 

ConBlinied. — Wasted, or destroyed. Lat, COXLSumo, to expend, or 
waste. 

Obviously. — Plainly seen. Lat. ob, over against ; via, the way. 

Animated. — Having animal life. Lat, Snimo, to give life. 

Peculiarity. — Quality belonging to. Lat pScUliilm, private 
property. 

Constituent. — ^That which composes. See Constitute above. 

Corroded. — Eaten away by degrees, Lat, corrodo, to gnaw. 

Agent. — ^An actor. Lat. figens, doing. 

Corrosive. — Eating away. 

Intimate. — Close, inmost. Lat, intimus, inmost. 

Incandescence. — Glowing with heat. Lat, incandesco, to wax 
very hot. 

Intense. — Strained to a high degree. Lat, intensus, stretched. 

Compound. — Composed of parts. Lat, comp5no, to put to- 
gether. 

The air-substance, which is rolled, as a loose soft garment 
about the earth, to enable the life of organized structures 
to be maintained and worked out, is formed of a number 
of exceedingly minute atoms which cannot be seen, but 
which nevertheless cannot escape examination in another 
way. By such an examination, indeed, it is found, that 
there are two quite different kinds of these invisible atoms 
associated together, to constitute the air. 

That there must be these two altogether different sub- 
stances in the air, can be easily proved by a very simple 
experiment If a short piece of burning candle be placed 
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in the middle of a flat dish of water, and a bell-shaped 
glass, or jar, be placed over it, so that the lower edge of 
the jar rests in the water ; it will be found that the flame 
of the candle shut up under the jar, at first begins to 
bum dimly, and then after a little time goes out. When it 
does so, however, it will be seen that the water from the 
dish has risen up one-fifth of the way into the jar, to 
take the place of so much of the air as has been con- 
sumed, or got rid of, by the burning of the candle. The air 
was thus obviously made up, in the first instance, of two 
parts; of a small part, which enabled the flame of the 
candle to be sustained, and of a larger part which extin- 
guished the flame. 

That portion of the air, which is able to sustain the 
burning of a flame, is called '' vital air," because it can 
sustain the life of an animated being, as well as the 
burning flame. A mouse, for instance, could live and 
breathe in that imprisoned air so long as the candle can 
bum, but would have its life quenched in the same way 
as the flame of the candle, when all the vital air was 
consumed. The word '' vital " is derived from the Latin 
vita, which signifies ''life." Vital air, simply means 
that kind of air which is able to sustain life through the 
operation of breathing. 

But another name is also given to this vital air, which 
is so commonly used that it requires to be known. It is 
called oxyg^en gr^^* '^^^ word oxygen, which is de- 
rived from, the Greek language, implies that under certain 
circumstances this gas is a maker, or generator, of sour- 
ness. The word was selected by the chemists who made 
the discovery of this peculiarity, and it has now become 
fixed by mere custom. Oxygen is a '' gas," because all 
that has already been said about the atoms of air is also 
true of it. It is composed of a number o{ ixmiMVA) o^p^X^ 
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invisible atoms, floating relatively far apart, and possessing 
the properties of compressibility and elasticity. 

Oxygen is one of the most important bodies in nature, 
and a little pains must therefore be taken to make sure 
that its character and qualities are well understood. 
There are many different kinds of atoms in nature, as 
will presently have to be more fully shown ; the oxygen 
atom is but one of these many : but it is by far the 
most abundant and, indeed, important of them all. It 
has been estimated that if the earth and the air could be 
together weighed in a huge pair of scales, one half the 
weight that was so found, would belong to oxygen alone ; 
and the other half would have to be divided amongst the 
many other kinds of atoms. 

Oxygen, partly on account of its abundance, and also 

partly on account of another peculiarity to be further 

examined almost immediately, is found, fixed in most of 

the solid substances of the earth that come under notice ; 

that is to say, the gas is compressed in amidst their solid 

parts, as one of the constituents of their structure. Thus, 

for instance, there is a white salt that can be bought at the 

chemists under the name of chlorate of potash., and 

which is made up of a number of little flat white crystals. 

About two-flfths, by weight, of the substance of these 

crystals, is oxygen ; and if a quantity of them be placed 

in a glass tube, or flask, and heated over a flame, the 

oxygen pours off from them, in its proper state of gas. It 

can be so caught in abundant streams in another bottle, 

first filled with water to keep out the air, and then 

whelmed over the end of a tube so arranged as to lead 

the oxygen from the flask. Oxygen is procured, in this 

^^Yi l>7 heating chlorate of potash, when it is required 

hjr itself for the purpose of examination, or experiment. 

The leading characteristic of this abundant substance 
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is that it is one of the most active and energetic bodies 
in nature. Its little molecules leave hardly anything 
alone, they combine readily with all the other different 
kinds of atoms, save one, and make substances of an 
almost endless diversity by the union. Thus, for in- 
stance, if a piece of bright iron be placed in moist air, it 
soon becomes covered all over its sui'face with red rust. 
That red rust is formed by the mingling of the atoms 
of the oxygen contained in the air, with the atoms of the 
iron. K the grains of rust be scraped away, the pure 
oxygen can be got back out of them, just as it is from the 
white crystals of chlorate of potash. The iron is corroded, 
or consumed, by the oxygen and turned into rust. And 
just in the same way, almost every substance in nature is 
capable of being rusted, or consumed, by oxygen. 

The activity of oxygen then, as an agent in the opera- 
tions of nature, is primarily shown by the large range of 
different substances that it can meddle with in this corro- 
sive way ; in other words, by its power to take up from 
them their atoms, and to mingle those atoms in a close 
and intimate connection with its own. But the energy, 
or eagerness and strength, with which it does this, is 
otherwise manifested. Whenever it does join its own 
atoms with those of some other kind of body in a close 
union of this kind, it produces h.eat ; and sometimes 
the union of the atoms goes on so fast, and the heat 
which is produced is so great, that the heated particles 
burst into shining incandescence, or flame. This really 
is what occurs in the flres that are burned in flre-places 
and grates, and in the lamps and gas flames that are 
employed in illuminating streets, shops, and houses. In 
all these instances, the burning is due to some of the 
oxygen contained in the air uniting with the molecules 
of the coal, the oil, or the coal-gas, with intense rai^idit^^ 
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and conBuming them in the act. The more rapid the union 
of the different kinds of atoms, the greater is the heat, 
or the light. The production of heat and light, therefore, 
becomes a very good sign, or expression of this leading 
characteristic of oxygen, its energetic power of combining 
itself with other things. It will hereafter be seen that it 
does very much the same for the bodies of living animals 
that it does for coal. It consumes them by uniting its 
atoms with theirs, and produces heat by doing so ; and 
this is the reason why the bodies of living animals are 
warmer than the air by which they are surrounded. 

It should here, however, be understood that it is not 
only when oxygen unites its atoms with those of other 
bodies that heat is produced. Heat is set free whenever 
two different kinds of atoms, whatever they may be, are 
united together, or, as it is properly termed, combined 
to make up some new compound substance between them. 
But union of this kind is so much more frequent in the 
case of oxygen, on account of the great abundance of its 
free atoms in the air, and on account of the readiness and 
energetic force with which it enters upon the work, that it 
has come to be looked upon as the great promoter, or 
supporter of burning, for the production of heat and light. 
And, indeed, it is the great agent of the chief part of the 
restless changes that are going on in the various opera- 
tions of nature, and especially in those which are con- 
nected with the maintenance of life. It is therefore that 
such a vast reservoir of it is kept in a free state and 
always on hand, and ready for work in the air. 

The only other things that need be, at present, 

known about oxygen are, that it is nearly of the same 

weight as air, and that it is without taste or smell. It is 

a small trifle heavier than the air, which it helps to 

iorm ; that is to say, a pint bottle would contain nearly a 
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quarter of a grain's weight more of oxygen than it does of 
air. It will at once be perceived how necessary it is that 
oxygen should be without taste or smell, when it is 
remembered that living animals are plunged in it 
throughout their lives. It would be very tedious and un- 
pleasant for women and men if they were always tasting 
one taste and smelling one smell, as they would of 
necessity be if the oxygen, which is so incessantly pour- 
ing into their mouths and noses, were different from what 
it is in this particular. 
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LESSON VI. 

UNVITAL AIE, OH NITROGEN GAS. 

DBBIYATIONS. 

Derived. — ^Drawn from some original source. Lat, deriVO, to 

drain water in channels. 
Simple. — Consisting of one thing. Zai, simplex (sine plica), 

without fold. 
Examination. — ^Making a carefal inqnirj. Lat. exSmino^ to try 

by weight. 
Indifferent. — ^Not inclined more to one thing than another. Lat. 

negative in and difPSrO, to be unlike. 
Inert. — Inactive, sluggish. Lat. iners, sluggish. 
Explosive. — That which bursts with a noise. Lat. explodo, to 

drive out with hand clapping. 
Peculiarity. — Special quality. 

Structures. — Buildings, things built. Lat. strtlo, to build. 
Domain. — Region under some one authority, a man's landed property. 

Lat. dominus, master. 
Destitute. — Deprived of, not possessing. Lat. destittio, to leave 

forsaken. 

It has been seen that the great bulk of the air, that which 
is left when the vital air or oxygen is taken away by the 
flame of a candle, both puts out the flame and extinguishes 
animal life. That larger portion of the air is, on this 
account, called " unvital air." A more learned name for 
the same thing is '' Azote," and is the one by which it 
was called in the first instance. The word is derived 
from the Greek language, and means properly the ''de- 
priver " or " destroyer " of life. 

But another name, which was adopted by chemists for 
purposes of convenience, has become attached to this 
twTital, or suffocating portion of the air, and is now 
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generally nsed. It is called nitrog^en, and this name 
is also derived from the Greek. It only means a producer 
or generator of the salt termed " nitre." 

The nitrogen contained in the air is also a gas made 
of little movable particles scattered widely asunder, and 
floating about easily with broad spaces between. But 
the atoms of nitrogen appear to be as unlike as possible 
to the atoms of oxygen. They are indifferent and un- 
willing to combine with other kinds of atoms, instead of 
being eager to do so, and if, by any particular influence, 
they are constrained to unite with other bodies, they 
escape again from the union as quickly as they can, and 
return to their free roving state. If bright iron be plunged 
into pure nitrogen gas instead of into oxygen, no red 
rust appears on it. Bright iron will remain unrusted and 
nncorroded in nitrogen, for any length of time. 

The contrast between the natures of oxygen and 
nitrogen is very strikingly brought out by the fact, that 
whilst the list of the different kinds of substances which 
are made by the union of oxygen with other kinds of 
atoms is so long as to amount to many hundreds ; there 
are only four natural compounds, unconnected with the 
operations of life, of which one is the salt called nitre, 
that are formed by the union of nitrogen with other simple 
bodies. Another consequence of this important difference is, 
that the great bulk of oxygen contained upon the earth is 
in a state of close and fixed union with other bodies ; and 
that the part of it which exists free and uncombined in 
the air, vast as that is, is only a small portion of it when 
compared with the rest. Whilst, on the other hand, the 
principal bulk of the nitrogen which is contained on the 
earth exists in a free and uncombined state in the air, and 
only a much smaller part of the whole is in combination 
with other bodies. 
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The air, then, consists of two distinct kinds of gases, 
oxygen and nitrogen, mixed np together in the proportion 
of about one part of the former to four parts of the latter ; 
or, more exactly, in the proportion of twenty-one parts to 
seventy-nine parts by measure ; or of eight parts to twenty- 
eight parts by weight. If a piece of phosphorus instead 
of a candle-flame be burned in a jar of air, all the oxygen 
is taken away by its burning, and the nitrogen is left 
alone and nearly pure. Nitrogen is commonly procured for 
the purposes of examination and experiment in this way. 

But when oxygen gas and nitrogen gas are mixed to- 
gether to form the air, the mingling is such that their 
atoms float loosely and freely about amongst each other. 
They are not united together, or combined. The atoms 
of the one kind of gas roll freely about in the intervals 
that lie between the atoms of the other kind. The spaces 
or intervals between the several atoms of either kind, are 
so spacious that there is abundance of room for both, 
without any need for their being forced into close 
neighbourhood or contact. 

The result, however, of the mingling in of so large an 
amount of the lazy and indifferent atoms of nitrogen, with 
those of the lively oxygen, is, that they act as a kind of 
clog or damper upon the energies of the latter. In all 
such matters as the burning of flres and flames, the process 
is performed four times more gently and slowly in air, than 
it would be in oxygen which had no nitrogen mingled 
with it. 

Nitrogen, therefore, may be looked upon as the in- 
different, or inert, element of nature. But it must be 
understood that this applies only in the case of the part 
which it plays in its uncombined state, and whilst it con- 
tributes to form the air. The mistake is sometimes made 
of speaking of it as indifferent and inert in all its rela- 
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tions. This, however, is not absolutely tme ; in certain 
combinations which it is compelled to form it is very 
energetic indeed. Some of the most deadly and dangerous 
poisons, for instance, that are known, are constructed by 
its help, and so again some of the most violent explosions 
depend upon its presence. 

This most noteworthy peculiarity of inertness, how- 
ever, is manifested in most instances in which nitrogen is 
forced to combine. Various compounds of nitrogen are 
formed by the action of living structures upon its little 
atoms. Although only four compounds containing 
nitrogen are known in what may be called the dead or 
inorganic departments of nature, there are a great number 
of compounds formed by its help in the structures that 
belong to the living domain, and that are made through 
the operation of life. This peculiarity of nitrogen is 
constantly exhibited wherever the building-up processes 
of living bodies are concerned. 

Nitrogen gas is quite as destitute of taste and smell as 
oxygen, and for the same reason. It exists, as has been 
seen, very abundantly in the air, and the air, which is 
composed of it and oxygen mingled together, is without 
taste or smell. The weight of pure nitrogen gas Is 
almost exactly the same as that of air. A half-pint 
bottle can contain a little more than five grains weight 
of it. 
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LESSON VU. 

LIGHT INFLAMMABLE AIK, OK HYDROGEN GAS. 

DBBIVATIONS. 

Inflammable. — ^That can be set on fire. Lat. in and flamma, a 

flame. 
Definite. — Fixed with exactness, exact. LaU definio, to bound or 

limit. 
Constituent. — Component part. 
Unit. — One, the least whol» number, a quantity fixed as a measure. 

Lat, unus, one. 
Standard. — A fixed measure of value. Lat. sto, to stand, that 

which stands as a measure. 
Temperature. — ^Amount, or degree of heat. Lat, tempSro, to 

temper, or mingle. 
Cliemical. — According to the principles of chemistry, from the 

Arabian word alchemist. 

If a small quantity of iron filings, or of broken pieces of 
iron wire, and a little oil of vitriol (sulphuric acid), be 
put into a bottle of water, bubbles almost immediately 
begin to rise, and to pour up through the water in con- 
tinuous streams. These bubbles are caused by a gas 
which is set free in the water ; and if a piece of lighted 
paper, or a burning match, be brought near to the neck 
of the bottle when the bubbles are rising rapidly, it wiU 
be found that the gas which is escaping out of the bottle 
in a stream will burst into a flame. The bubbles, there- 
fore, which rise through the water, are bubbles of inflam- 
mable gas, and this inflammable gas is produced out of 
the water. 

The fact simply is, that water is made of inflammable 
gas, mixed up with another kind of substance ; and that 
tihat second iiigredient of the water is neither more nor 
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less than oxygen. As the inflammable gas is formed, the 
iron filings, or wire, first get rusted by the oxygen, which 
is also set free, and then the rust is dissolved away in the 
acid. 

The inflammable gas, which can be procured out of 
water in this way, is called hydrog^en gas. The word 
hydrogen, which, like the other names of this class, is 
derived from the Greek language, means, indeed, the pro- 
ducer, or generator of water. Hydrogen is mingled with 
oxygen in a certain definite proportion to form this 
^miliar liquid. Water can, in fact, be actually manu- 
&ctured by the close uniting together of hydrogen and 
oxygen. If hydrogen and oxygen gases be mingled toge- 
ther in a strong glass jar, in the proportion of two 
measures of hydrogen to one measure of oxygen, and the 
mixture be set light to, or an electric spark be passed 
through it, a loud explosion is heard, and, on the instant 
of the explosion, both the gases disappear, and only a few 
drops of water remain in their place. The water is formed 
by the union of the atoms of oxygen and hydrogen. 

Hydrogen, which is in this way procured out of water, 
by the separation of that liquid into the constituents of 
which it is formed, is in the gaseous state like oxygen and 
nitrogen; that is, it is formed of very minute invisible 
particles floating loosely and widely asunder. But this 
hydrogen gas has a very much thinner substance than 
either oxygen, nitrogen, or air. It is indeed so thin and 
light, that the quantity of it which can be contained in a 
half-pint bottle weighs only a trifle more than a quarter 
of a grain, instead of the five grains which the same bulk 
of air would weigh. Hydrogen gas is fourteen times 
lighter than air, and nearly 12,000 times lighter than 
water, bulk for bulk. 

The separate atom of hydrogen is, in feyct, ibj^ \i!^\ij^^\» 
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body that is known in nature. It has been very carefolly 
weighed, although it cannot be seen, and on account of its 
surpassing lightness, it has been taken by chemists and 
men of science to represent the unit or standard of weight. 
Thus, it is said that each atom of oxygen weighs sixteen 
atoms of hydrogen, and each atom of nitrogen twenty- 
eight atoms of hydrogen. 

On account of its great Hghtness, this hydrogen gas is 
used for filling balloons which are intended to float up 
into the higher regions of the air. It is not, hovYever, 
the pure form of the gas which is employed, but an 
impure and mixed form which can bo procured from 
ordinary gasworks at less cost, and which, although not 
so light as the pure gas, is still light enough to do what 
is required of it. 

Hydrogen bums as a flame, because oxygen seizes upon 
it at a high temperature, and unites energetically with it. 
When a jet of hydrogen gas is lit in a burner, the hydrogen 
which comes out of the opening is combined with the 
oxygen contained in the air around, and light and heat 
are produced in the well-known form of flame. 

The characteristics which distinguish this third kind 
of gas are, therefore, its lightness, its power of burning, 
and its ability to produce water when, in burning, its 
atoms are intimately combined with those of oxygen. As, 
for purposes of familiar illustration, oxygen and nitrogen 
are commonly termed vital and imyital air; hydrogen 
may also be spoken of as light inflammable air. 

It appears probable that when water is formed by the 
union of oxygen and hydrogen, one atom of oxygen seizes 
upon two atoms of hydrogen, and that these three atoms 
are grouped together in a very close embrace as a com- 
pound molecule, which, thenceforth, becomes the molecule, 
or nltimate particle of water. It is this kind of union of 
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unlike atoms together in a close embrace to form com- 
pound atoms, or molecnles, which is termed chemical 
union, or chemical combination. Chemical union 
is at once distinguished from a mechanical mixture by the 
fact that the new compound body, which is formed by 
the combining of the separate elements, ceases to be like 
either of them, and acquires a new and distinct character 
of its own. Thus, water will not support the burning of 
bodies and flame as oxygen does, and it will not burn as 
hydrogen will ; yet it is made of those two gases, oxygen 
and hydrogen, and of nothing else. And so, again, the 
water is a comparatively heavy and visible liquid, whilst 
both the oxygen and hydrogen are light and invisible 
gases. This may be very instructively compared with the 
condition of things in air. In air, the two primary gases, 
the oxygen and the nitrogen, are loosely mingled and not 
chemically combined, and therefore the properties of both 
the oxygen and the nitrogen, the flame and life-sustaining 
power of the one, and the softening and sobering-down 
influence of the other, are still found in air. 

"Water, then, it will be understood, is simply a 
chemical combination of the two gaseous bodies oxygen 
and hydrogen, in the proportion of one part of oxygen and 
two parts of hydrogen, if, estimated by measure ; or of 
eight parts of oxygen and one part of hydrogen, if esti- 
mated by weight. 
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LESSON vm. 

THE NATUBE OF WATER. 

DERIVATIONS. 

Cemented. — United with cement. Lot, caBineiituin, mortar, 

rubbish used for joining. 
Converted. — Changed. Lat. convert Oy to turn from one form to 

another. 
Szpanded. — Spread out. Lai, expando, to spread out. 
Application. — Addition of. 
Peculiar. — Belonging to a thing, or person. 
Contact. — ^A touching. Lat, contingo, to touch. 
Essential. — ^Necessary to the existence of a thing. Lat, essentia, 

a thing's essence. 
Cavity. — ^A hollow place. Lat, cfivus, hollow. 
Tendency. — ^Inclination. 
Destitute. — ^Devoid of. 
Neutral. — Not affecting one thing more than another. Lat. 

neuter, neither the one nor the other. 

Wateb, which is formed by the union of the gases 
oxygen and hydrogen, is one of the most beantifnl and 
useful of the products of nature, and, at the same time, 
one of the most abundant. Its leading characteristic is 
that it is liquid, or cjeudl flow. It can do this because the 
little molecules of which it is made are not boimd tightly 
together, as the several molecules are in a lump of metal, 
or a piece of stone, or, indeed, in a fragment of ice. If 
a piece of ice be laid upon the ground, it remains where 
it is placed so long as it is very cold. But as soon as it 
is warmed, it is melted into water, and then the water 
runs down all round, and flows away upon the ground. 
This is merely because, when the ice is melted into 
waier, the little molecules of which it is composed are 
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SO far loosened asunder that they can begin to slip and 
slide over each other. The molecules which are at the 
top are then dragged down to the ground over the lower 
ones, by their own weight. 

Liquids, such as water, therefore, agree with gases and 
air in the circumstance that these little molecules, or 
particles, are not bound immovably together, but are free 
to roll about over each other. There is, however, this 
important difference in the two kinds of substance. In 
liquids the several molecules are not widely scattered 
apart, but are near together, although not so near as to be 
firmly bound to each other. It is because its little mole- 
cules are so much nearer together, that water is 800 times 
denser and heavier than air. There is 800 times as much 
material substance squeezed within a given space in 
water as in air. It is also for this reason that liquids 
can be seen. Although they are made of a vast number 
of exceedingly minute, and invisible, particles, or parts, a 
considerable number of these particles are grouped in 
such close neighbourhood, that the many make masses, or 
lumps, large enough to be seen. 

Water, however, can exist in three distinct conditions, 
or states. It is a liquid at most ordinary temperatures ; 
but when very cold, it is turned into ice ; and when very 
hot, it is converted into steam. The only difference in 
these three conditions, however, is that the molecules are 
closer together in one form, and farther apart in the 
others. In ice, the little particles are squeezed so closely 
together that they cling firmly to each other, and make a 
hard, solid, and immovable mass. In water, the little par- 
ticles are just so much apart that they can slide about easily 
over each other without getting really asimder. In steam, 
they are so far apart that they float many times their own 
breadths away from each other, and cease to be'^^\\A&\ 
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exactly as is the case, for the same reason, with the atoms 
of air. In steam the little molecules are so far apart that 
its substance is 1700 times thinner and lighter than that of 
water. Or, in other words, in steam the same weight of 
substance is expanded into 1700 times larger bulk. The 
water which can be contained in a half-pint bottle weighs 
half a pound, or 3840 grains. The steam which can be 
contained in the same bottle, weighs only a trifle more 
than two and a half grains. Ice really is solid water, 
and steam is water in the vaporous, or gaseous state. 
This change of state, from the mere application of heat, 
is well illustrated in water, because both the ice and the 
steam are so familiarly known. But the change is not 
peculiar to water. Nearly all the solid bodies of nature 
are capable of being first melted, and afterwards of being 
turned into vapour, if heat enough be used. Iron is melted 
by the heat of the furnace of the foundry, and even the 
stones of the earth are turned into molten lava by the heat 
of the volcano. 

Another property which water possesses is of very 
great importance in the arrangements of nature. It is 
able to turn various other bodies, that are solids them- 
selves, into a liquid state like its own, as soon as it comes 
into contact with them. Thus, if a lump of white sugar 
be placed in a glass of water, the sugar entirely dis- 
appears, its own particles being so loosened apart that they 
are all scattered and mingled in with the particles of the 
water. The sugar, however, is not destroyed, although it 
ceases to be seen. It can be still tasted in the water, and 
indeed can be got back from it unchanged, if the water 
be all steamed off by heat. There are very many other 
bodies which behave in exactly the same way ; and with 
all of them, the same fact applies, namely, that they are 
not changed in their essential properties when they are 
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dissolved in water. This indifference of water to the 
bodies which it dissolves, or this disinclination to alter 
them in any material way, even when it mingles itself 
with them so closely as to make them for the time liquid, 
and capable of flowing in streams like itself, is a very re- 
markable fact. This, indeed, is the peculiarity which so 
admirably fits water for some of the useful offices it has 
to perform, as will abundantly appear presently when 
those offices are described. 

The inability of water to stand still, unless when it is 
confined in cavities or vessels; or, in other words, its 
tendency to run along in streams, and down sloping 
surfaces in the effort which its little loose molecules 
make to roll as low as they can get, is also another of 
its important characteristics. It is the chief reason 
why water is found almost everywhere over the earth. 
When the rain descends from the clouds upon the hill 
tops, it runs down the hill sides, gathers into rivulets in 
the valleys, and then courses along as rivers, until it 
reaches the basin of the sea. All this follows from the 
simple circumstance that water is liquid, and cannot 
stand upon the ground like solid masses, or stones. 

Pure water, like air, is entirely destitute of taste and 
smell, and is, on that account, the better fitted to play its 
part of a neutral and indifferent carrier of other things. 
It is also transparent and clear, and, on account of its 
look of pure crystal, is one of the most beautiful of the 
more abundant products of nature. It does not occupy 
so vast a space as the air ; but there is more of it than 
air, if its quantity be estimated by weight rather than by 
measure. Nearly three-qaarters of the surface of the 
earth are covered by the basins of the liquid sea, and in 
many parts the water goes down 'in those basins to a 
depth of certainly more than five milea. 
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LESSON IX. 

CARBON, AND CARBONIC ACID GAS. 

DEBIVATIONS. 

Allied. — Connected by resemblance. Lat, al-ligO, to b ind to. 

Structure. — Substance built up. 

Fused. — Melted. Lat. fundo, to pour out. 

Liquefied. — Made liquid. Lat. liquidus, liquid ; fio, to become. 

Crucible. — ^A melting-pot made of fire-clay, a vessel at one time 

shaped like a cross. Lat. crux. 
Intensity. — Great strain. 

Exposed. — Laid open. Lat. expono, to place out in view. 
Impetuosity. — Extreme eagerness. Lat. imp§ttiosus, headlong, 

violent. 
Essential. — Necessary. 
Process. — Operation. 
Expansion^ — Opening out or enlarging. 
Dense. — Closely or thickly packed. Lat. densus, thick, close set. 

Nearly allied to the three gases thus described, on 
account of the important part it plays in helping to make 
the structures Of organic bodies, is another substance, 
which is much more easy to understand, because it can be 
at once seen by the eye and felt by the hand. This is 
the solid black body which is familiarly known as char- 
coal, and which also bears the less common, and some- 
what learned name of carbon. Both of these names, 
however, are very near to signifying the same thing. The 
word carbon is but a slightly changed form of the old 
Latin word for coal; and charcoal, it will be at once 
perceived, is simply coal which has been charred or half- 
burned. 

This common black substance is visible to the eye, 
instead of being invisible as the air and gases are, because 
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it is itself solid and not a gas at the ordinary tempera- 
tures which OGCiir npon the earth. That is to say, in its 
natural state, the little atoms of which it is composed are 
so close together that thej are able to cling to each other 
in a lump, instead of sliding or rolling abont amongst 
each other, as the several molecules or atoms of water and 
air do. A great number of them also are so grouped 
together, that they are able to be seen as a connected 
mass. 

But the lump of carbon, or charcoal, thus formed has 
this very remarkable peculiarity, which at on^ dis- 
tinguishes it from the other solid substances met with 
npon the earth. It cannot be melted by heat into a liquid 
state, as most of those bodies can. Stones, it has been seen, 
are turned into soft paste or liquid lava, by the heat of 
the burning mountain. Lead, it is known, may be easily 
melted over the fire, until it can be poured out in streams 
like water. Iron is fused in the same way in the furnace 
of the iron foimdry ; and silver and gold are, in their 
turn, liquefied in the crucibles of the goldsmith. Char- 
coal, on the other hand, keeps solid under the same cir- 
cumstances, and remains so in the fiercest furnaces in 
which it can be put. It turns red hot and shines with a 
bright glow, but it does not melt. It keeps its proper 
form of a solid lump, whatever the intensity of the heat. 
It therefore furnishes a very remarkable exception to the 
otherwise general law that all solid substances may be 
melted into the liquid state, if heat enough be used. 

Now this obstinate black substance which is thus proof 
against the softening powers of heat, shows its stubborn 
resistance in yet another way. It is proof likewise, so 
long as it remains cold, against the energetic activity 
of that oxygen which is so ready to consume and corrode 
most of the solid substances it comes into contact m^ 
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If a piece of black charcoal be placed in a jar of pnre 
oxygen gas, it will remain there unchanged for any length 
of time, just as it does when exposed to the air. It 
also remains unchanged if it be plunged into water. It 
neither corrodes in the water, as iron would do, nor dis- 
Bolves in it after the fashion of a lump of sugar. As soon, 
however, as the piece of charcoal is made red hot in the 
midst of oxygen or air, a most important change occurs 
in its condition. It is then corroded away by the oxygen, 
very much more rapidly than iron when it is turned 
into rust. The red-hot charcoal is seized upon by 
the oxygen with such impetuosity as to be carried away 
bodily. Two little atoms of the oxygen lay hold of one 
of the atoms of the charcoal, and fly away with it ; and 
more atoms of oxygen then come for more atoms of carbon, 
until the whole of the charcoal has been snatched entirely 
out of sight. 

The charcoal, nevertheless, is not destroyed ; and it is 
by no means a difficult task to ascertain what has become 
of it. If a small piece of charcoal be made red hot, and 
be then shut up within a glass jar, or bottle, of air, and 
burned in it, one-flfth part of the air, that is its oxygen, is 
taken up by the charcoal, exactly as in the case where 
phosphorus, or the flame of a candle is burned under a 
bell-glass receiver. But it is found that something else, 
which is equal in bulk to the oxygen taken away, is 
returned into its place; and that this new product is a 
gas,, transparent and invisible, like the air, or the oxygen, 
but distinguishable from both by certain essential cha- 
racters of its own, which may be easily marked. 

The new gas, which is thus made when charcoal or 

carbon is burned in the air, is called carbonic add 

g^as ; because, in the first place, it has a slightly add 

iaste, and in the second place, is made out of the carbon. 

T^e gas can be collected pure \>y ita^iVi m^ proper 
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management, and is then found to be possessed of re- 
markable properties. It is half as heavy again as air, 
and can on that account be poured through air, just in the 
same way as water may. In consequence of its weight, 
the half-pint bottle, which would hold five grains of air, 
will contain quite eight grains of this heavier substance. 
It extinguishes flame and animal life, after the manner of 
nitrogen, and, like nitrogen, will not itself bum. But it 
is soluble in water, which nitrogen is not ; th^t is to say, 
large quantities of the gas can be dissolved away in water, 
as sugar might be, until it is only known to be still in 
the water by the slightly acid taste which it confers upon 
the liquid. A half-pint of water will readily dissolve its 
own bulk of this gas, that is, as much as the eight 
grains which can be contained in a half-pint bottle. The 
gas, which escapes in bubbles when a bottle of aerated 
water, or, as it is sometimes called, soda water is opened, 
is carbonic acid gas. 

Carbonic acid gas is heavier than oxygen, or air, for a 
▼ery good reason. Notwithstanding its clear transparency 
and gaseous form, it actually has a considerable amount 
of the heavy black carbon hidden or stored away in it. 
This then is what has become of the carbon. When in 
its red-hot state, its particles are seized by the oxygen. 
They are changed by the touch into the gaseous form. 
Every little group of two atoms of oxygen with one atom 
of carbon in their fast embrace, forms a compound mole- 
cule ; and several molecules of the same compound kind 
then float wide apart, in the elastic state which has been 
described as being the condition of a gas. Each of the 
little molecules, although made up of three atoms pressed 
closely together, is still very much too small to be seen, 
and is also many of its own breadths away from its nearest 
neighbours ; and so the compound gas is transparent «Ail 
mvisihle^jaBt like the simple gases oxygeii) m\xo^<ssi^«D&. 
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hydrogen, or like air. Carbonic acid gas is sometinaes 
familiarly spoken of as fixed air on account of its 
weight and of its tendency to become fixed in yarious 
other kinds of solid substances, such as potash, and 
soda, and lime. It is also occasionally, and still more 
expressively, called choke-damp, because it is the 
heavy vapour which' sometimes suffocates miners at their 
work in the coal-pits, when it is suddenly poured out 
from the coal seams in large quantities. 

The great characteristic of the black substance called 
carbon is, therefore, that it is a solid body at the ordinary 
temperature of the surface of the earth, and that when 
exposed to great heat, instead of melting into a liquid, as 
most other solid bodies do, it keeps its form and turns 
red hot. When it is red hot, it is gradually con« 
verted into a transparent and invisible gas, not because 
its own particles are loosened and spread wide apart by 
the heat, as happens when water is turned into steam; 
but because they are seized upon by the atoms of oxygen 
surrounding them in the air, and so changed into the new 
state of gaseous expansion by the combination of the 
particles of the solid with the particles of the gas. The 
gaseous oxygen transforms the dense solid into its own 
transparent and invisible state by uniting with it 

But when atoms of red-hot carbon are united with 
atoms of oxygen, in this way, to form the compound gas, 
the further consequence is that so much heat is produced 
by the union as to enable more and more carbon to be 
turned red hot, and to be brought into the state fit for 
continuing the same process. After the process has once 
been fairly started, the carbon goes on burning by its 
own power of keeping up the high temperature necessary 
for its continuance. 
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LESSON X. 

THE ELEMENTS OF LIVING STRUCTUKES. 

DEBIYATIONS. 

TJltixziate. — Last, furthest, utmost parts into which anything can 
be broken up. Lat. ultimus, utmost. 

Original.-^That which is from the beginning or origin. Lat, drig^O, 
the beginning. 

Fabrication. — ^A framing, or constructing. Lat. fabrica, the 
workshop or trade of an artisan. 

]Etesolved. — Loosened, or separated back, into its building-up pai*ts. 
Lat, resolvOy to loose, or unbind. 

CoxnpOiieuts. — Constituting parts. Lat, COmpouOy to lay to- 
gether. 

Fabric. — ^A thing constructed. 

Bresponsibility. — Being answerable, or accountable for. 

Ag^eut. — ^An actor. 

Attached. — ^Fixed or fastened to. Fr, attacher, to fasten. 

Cabbonio acid gas is thus the first instance that has had 
to be noticed of a compound body existing as a gas at 
the ordinary temperatures of the earth's surface. The 
other three gaseous substances which have been sepa- 
rately described are all simple bodies, or, as may 
perhaps be still more expressively stated, elementary 
bodies. An elementary body, in the correct and 
scientific meaning of the term, is one which is simple in 
itself, and not formed of different kinds of ingredients, or 
elements, put together. 

The word element is derived from an old Latin term, 
which was first employed by the Eomans to express 
the ultimate things, or original materials, out of which 
they conceived all nature to be made. They thought that 
four ultimate or elementary bodies of nature were emr 
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ployed in the fabrication of all other kinds of substances, 
and that these were earth, air, fire, and water. It 
is now known that none of those four things are elements 
in the sense which was intended. But the term is a very 
convenient one, and has been seized upon by scientific 
men of more recent times to express the various ultimate 
substances, or different kinds of bodies, which are now 
known to be used in the building-up processes of nature. 

Carbonic acid is not an elementary body, or an 
element, because it is built up of two separate and 
distinct ingredients, namely, oxygen and carbon. Water, 
again, is not an element, because it too is formed by the 
combination of two substances, oxygen and hydrogen. 
But oxygen, nitrogen, and hydrogen gases, and the black 
solid carbon, are each and all elements in their own 
right. They are all elementary bodies, which can by 
no means be further separated, or resolved into com- 
ponents different from, and simpler than, themselves. 
The final atoms of these four bodies, oxygen, nitrogen, 
hydrogen, and carbon, cannot be split up into smi^er 
parts, as the separate molecules of water and carbonic 
acid can when they are loosened and resolved into the 
atoms of carbon, oxygen, and hydrogen, of which they 
were severally made. 

The four bodies which have thus been enumerated and 
described, namely, the gases oxygen, nitrogen, and 
hydrogen, and the solid carbon, are all elements, 
which are employed in the construction of the material 
fabric of the earth. They are not, however, the whole of 
the elements that are used for this purpose. It is now 
known that there are in the materials of the earth some- 
thing like sixty-six elementary bodies, or substances, 
that cannot be broken up into yet simpler ingredients, 
instead, oi onlj four. The four which have been espe- 
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cially dwelt upon are, however, upon the whole, of more 
importance than all the rest. They are the substances 
upon which chiefly fall the responsibility and work of 
enabling the earth to support its astonishing burthen 
of living creatures. They are the materials of which by 
far the larger part of the bodies of such living creatures 
is fashioned. 

Thus, for instance, in the case of the body of a living 
man, which weighs about 154 lb., fifteen of those pounds 
would ^be taken up by the bony parts forming the 
skeleton. These are principally made of a hard earthy 
substance, containing a large quantity of lime, and which, 
in consequence, should scarcely be included amongst the 
actively living structures. The hard bones of the 
skeleton are merely the framework to which the more 
vital parts are attached, in order that they may be 
conveniently carried about. If, then, the weight of 
these bones be deducted, there remain about 139 lb. of 
living substance to be taken account of. But of these 
139 lb., certainly as much as 136 are altogether 
composed of the four chief elements, carbon, nitrogen, 
hydrogen, and oxygen I The remaining three pounds, 
with as much as 10 lb. of the bones, are made up of other 
less important elements. 

Of those secondary, less abundant, and less important 
elements, also drawn upon for the construction of living 
creatures, seven are of the nature of metals, and four of 
an unmetallic nature, one being a gas, and two the well- 
known substances phosphorus and sulphur. These 
secondary elements are all, however, employed in rela- 
tively small quantities, a little here and a little there, 
according to the work that has to be done, and are 
mingled in with the larger amounts of the more im- 
portant elements. The four most abundant elQinj^i!Ltj& «x& 
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the agents relied upon by Nature for the important 
processes that are connected with the operations of life. 
It is necessary to make a close acquaintance with them, 
therefore, if we wish to know anything accurately either 
about our own bodies, the bodies of animals, or the struc- 
tures of plants. 

The names of the eleven subordinate elements used in 
the construction of vegetable and animal substances are : 
chlorine gas, phosphorus, sulphur, fluorine, potassium, 
sodium, lithium, calcium, magnesium, silicon, and iron. 
The last seven in this list are metals. 
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SECTION 2.-F00D, COOKING, AND DRINK. 



L — ^Nature and Action of Food. 

LESSON XI. 

THE NATURE AND USE OP FOOD. 

DERIVATIONS. 

Elaborate. — Highly or finely wrought. Lat. elSbSrStus, care- 
fully or curiously done. 

Constructioil. — In the sense of structure. 

Sustained. — Upheld, kept up. Lat. BustinSo, to hold up. 

Consuxnption. — Using up, or destroying by burning. 

Result. — Consequence, or effect of something preceding. Lat. re- 
SUltO) to leap back. 

The most important of the prime necessaries of life to all 
animals, and therefore to human beings, is food. Every- 
one is practically aware of this. Everybody knows that 
the human being must be fed from day to day if it is to 
be kept alive, and that, if it be not fed from day to day, 
it dies of starvation. It is not everyone, however, who is 
aware of either the value or the extent of the service that 
is performed by food. 

In the first place, the living human body is a machine ; 
and a machine of the most elaborate and perfect construc- 
tion, which accomplishes a large amount of work. It 
carries itself about, it moves, feels, and thinks, and over 
and above this, it accomplishes all the manifold tasks that 
are seen going on in the world, as eflfbrts of human in- 
dustry and skill. All these things are done by the moving 
machinery of the body, quite as much as the heavy train 
upon a railway is carried along by the machinery of \\a 
steam engine. 
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But in all cases of acting machinery, work can be ac- 
complislied only so long as the forces of the machine are 
sustained, or, as it were, fed by fuel. The engine that 
drags the carriages upon a railway, has a truck attached 
to it, which is loaded with black coal. That coal is 
shovelled from time to time into the furnace of the 
engine, and it is the consumption of that coal in the fire 
which makes the steam from the water in the boiler, and 
drives round the wheels resting upon the railroad. If no 
more coal were shovelled upon the fire, the movements of 
the machinery would very soon stop, and the rolling 
wheels come to a stand. 

Exactly the same thing takes place in the living human 
body. The movements of its acting machinery are sus- 
tained by fuel, which has to be constantly supplied in 
fresh quantities at short intervals. The fuel of the living 
body is food. 

But there is this notable peculiarity in the case of the 
living machine or engine which at once marks it out from 
the dead one. A considerable part of the fuel, or food, 
that has to be furnished for the support of its power, is, 
in the first instance, turned into the very substance of the 
body, and is afterwards used for the production of its 
various activities and movements. The engine itself is 
consumed by its own work, but is re-made, or renewed, as 
fast as it is consumed. By this contrivance the very 
admirable result is secured of keeping the machine in 
good order and perfect repair, so that it never fails, for 
an instant, to perform its proper work. When a steam 
engine gets wrong, it has to be stopped in order that the 
faulty parts may be taken away, and new ones put in 
their place ; but in the living machinery, this could not 
possibly be done. To stop the movements of some of its 
partB would be to stop the living action of the whole, or, 
/Q other wordBy to stop life itself. Thus^ the constant 
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beating of the heart, which is one of the most important 
movements of the living machine, must go on without a 
pause from the beginning of life to its end. Each human 
heart has to beat before it is worn out, and its mo^rements 
are stilled, seventy times every minute, 4200 times every 
hour, more than 100,000 times per day; and this 365 
times over every year, for as many years as life may 
last. During all this time the wear caused by the 
heart's never-ceasing movements has to be made good, 
and that repair has to be carried on even whilst the 
movement is continued. All this is accomplished by 
repairing the heart as fast as it is worn. The heart is 
made new or renovated, from hour to hour, and from day to 
day, by the fresh food that is put into it ; and so, with all 
other parts of the living machinery, which, like the heart, 
are kept in energetic and unceasing activity. 

But there are some operations performed in the living 
machinery of a human body which are not maintained by 
the consumption of its substance. Those operations are 
carried on much more upon the plan of steam machi- 
nery, which is not alive, that is to say, in which fuel, 
or food, is directly consumed without having first been 
made a part of the living frame. 

Food thus answers two distinct purposes in the living 
animal economy. It repairs the waste of the acting and 
moving parts, by continually renewing their substance, 
and so enables them to be unceasingly employed in their 
proper work ; and it also serves as material which can be 
otherwise turned to account, very much as oil in a lamp 
is used for the production of light, or as coal in a steam 
engine is employed for driving the rods and wheels of 
which it has never and could never itself form any part. 

A third use which has to be made of the food, for a 
period of several years at least, in the case of h\u&A2i 
beings, is that it has to be employed fox ex3[\dx^Ti\^ \^ 
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size of the body. For nearly a third part of a human life 
the body grows larger from day to day. Each human 
being is first a small infant, carried about in the nurse's 
arms, and weighing not many pounds. But after twenty 
years, it is a full-grown adult, five or six feet high, and 
weighing, perhaps, 150 or even 180 pounds. All this 
additional size is built up during the course of those 
years out of the supplies of new substance famished in 
the food ; and this is done whilst the renewal of the wear 
and tear of the growing body, and the support of its 
various activities and movements, are, at the same time, 
provided for. 

But, since one of the purposes of food is to build up, 
and keep in a state of completeness and repair the various 
structures of the living body, it at once becomes apparent 
that, whatever the materials which are used in the build- 
ing of those structures may be, each and all must also be 
contained in the food. The body gets its substance out 
of the food, therefore the food must contain the substance 
of the body. All the fifteen elements recently enumerated 
as being the materials which are drawn upon for the 
building purposes of life, must be contained in the food, 
that being the form in which successive supplies of them 
are conveyed to the body. Above all things, the food 
must contain an unstinted abundance of those four pri- 
mary and most important elements, the carbon, nitrogen, 
hydrogen, and oxygen, which, it has been seen, make np 
so nearly the whole of the actively living textures. 

Food-substances that are employed for the nourishment 
and support of living bodies, must therefore be them- 
selves made chiefly of the four important elements, carbon, 
nitrogen, hydrogen, and oxygen, with an intermingling in 
less quantities of the other eleven simple bodies which 
are also used in constructive work. 
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LESSON xn. 

THE FOOD-FORMING OPERATIONS OF PLANTS. 

DEBIYATIONS. 

Complex. — ^Not simple, composed of two or more parts. Lat 

COxnplezuB, woven together. 
Combined. — United closely. Lat. combine, to join together. 
Fabricated. — Made by putting together. 

Effective.— With power to produce. Lat, effectus, brought to pass. 
Condensing^. — Making more dense or compact. 
Energy. — A lively strength to act. Gr, energeia, an action. 
Vitalizing. — Giving life. Lat, vitalis, having life. 
I<atent. — Lying hid. Lat, IStSo, to lie hid. 
Superfluous. — More than is wanted. Lat, silperflilus, flowing 

over. 

The various substances which, under the name of foods, 
are used for the nourishment and support of the bodies of 
living animals, are all prepared for the work of suste- 
nance that they have to perform by the constructive or 
building-up operations of plants. Animals can feed only 
upon complex substances which have been made by 
plants ; but plants feed upon the simple elements, that is 
they build up their own structures out of those elements. 
At the same time, by a similar process, they build up 
also other things, which are stored away in the midst of 
their own stractures, and become food-substances for 
animals. 

How this building up of nourishing food-substance for 
animals by the action of the plant is accomplished may 
be conveniently explained by describing what happens 
in one instance. Bice is one of the substances which are 
used for the nourishment of living animals. Now, the 
rice grain is made by a kind of grass which grows in 
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moist and warm countries in the bright sunshine. When 
the rice plant makes rice, this is what occurs. It drinks 
in, partly from the ground by its roots, and partly from 
the air by the pores of its leaves, water and carbonic acid 
gas. Water and carbonic acid, it will be remembered, are 
formed of the three elements hydrogen, oxygen, and 
carbon. In each molecule of water there are one atom of 
hydrogen and one atom of oxygen. In each molecule of 
carbonic acid two atoms of oxygen and one atom of 
carbon. When, however, twelve molecules of carbonio 
acid and ten molecules of water, which have been brought 
into the interior of the plant out of the moist soil and air, 
are operated upon, twelve atoms of carbon, ten of 
hydrogen, and ten of oxygen are closely fitted together 
and combined, so as to be worked up into a new molecule 
of a higher and more complex character. Twenty-four 
atoms of pure oxygen are therefore set free, and dismissed 
as ingredients which are not required, for this particular 
process of construction. The twelve molecules of car- 
bonic acid and the ten of water have their atoms re- 
grouped and rearranged in a new form, and the oxygen 
atoms, which are not wanted in the new combination, are 
expelled from the plant, and so got rid of. The new 
complex molecule that is formed is called starcll. Bice, 
or the rice grain, is almost entirely made up of a mass of 
starch molecules adhering somewhat closely together. 

The change which takes place when water and carbonic 
acid are transformed into starch by the constructiye 
powers of the plant, may be represented to the eye in the 
following simple way : — 

10 Molecules of f 10 atoms of Oxygen "j 
water contain \ 10 atoms of Hydrogen I form one Moleoqle 

I of Starch. 
12 Molecules of | 12 atoms of Carbon j 
Carbonic acid < 
contain / 24 atoms of Oxygen — dismissed free. 
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The essential part of the work performed by the plant 
is, therefore, the seizing and fixing a considerable quan- 
tity of the solid element, carbon, which has been brought 
to it in the thin condition of a gas, and mingling in with 
it a measured or fixed amount of hydrogen and oxygen. 
The starch which is so fabricated is a white, solid 
substance, perceptible to the touch and visible to the eye, 
on account of the large proportion of the dense element, 
carbon, used in its construction. There are various other 
kinds of food-substances besides starch which are made 
in an altogether similar way. Thus gum and sugar 
are both substances that are serviceable as food. In the 
construction of both exactly the same kind of process is 
gone through. Carbon is worked up with hydrogen and 
oxygen to form molecules of gum and of sugar ; and the 
carbon, the hydrogen, and the oxygen which are used are 
all derived from water and carbonic acid. Carbon is, 
indeed, the great condensing or solidifying element of 
vegetable structures. Gum, sugar, starch, and sundry 
other substances of a similar character, are water made 
thick and dense by the mingling in of carbon amongst its 
elements. 

When the simple elements are built into vegetable 
structure and food-substance in this way, it is the living 
plant which is the effective agent of the change. With- 
out the agency of the plant no work of this kind can be 
accomplished. Such manufacturing is, indeed, the great 
office which the plant is appointed to fulfil. But the 
plant cannot get through its fabricating labour unless it 
is very energetically aided in its task — that is to say, 
unless it is placed in warm sunshine. The warm sun- 
shine then becomes to it a quickening and vitalizing 
power. Plants perform no building up or constructive 
work in the cold of winter, or, indeed, in the darkness of 
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night. But when, in bright warm days, the snnshine 
penetrates into the interior of their thin outstretched 
leaves, it sets the green living substance it finds there to 
work at transforming and remodelling carbonic acid and 
water which have been already drawn into the leaves. 

In all living plants carbon is in the process of being 
fixed into vegetable substance, and oxygen is in process 
of being discharged, so long as the influence of the sun's 
light is acting upon their leaves. 

This process, indeed, may be watched actually going 
on if a suitable arrangement be made. If a few green 
leaves of any kind be put into a saucer of water which is 
well charged with carbonic acid, as it is in the case of 
common aerated water, and the saucer be placed in bright 
sunshine, it will soon be observed that bubbles of gas 
appear clinging all over the under surface of the leaves, 
where the pores for its escape are the most abundant. 

All those bubbles are composed of pure oxygen, and 
they are, in reality, the superfluous quantity of that 
gaseous element which is thrown out from the leaf, as the 
carbon of the carbonic acid is taken from it to be built 
up into vegetable substance. 

The sunshine is really used by the plant when it 
constructs complex material out of the simpler elements, 
and this is the reason why the process cannot go on in 
the dark. The sunshine is employed in keeping the 
several elementary ingredients held firmly together in 
the constrained state of combination in which they exist 
in the new complex molecules. Some power, or, as it is 
termed, force, is required to compel the several atoms 
contained in each molecule to remain in the new state of 
association into which they have been brought. That 
force is a peculiar energy which resides in the sun's light, 
and TFhich remains fixed in the molecule in a changed 
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form — in a kind of latent, or hidden-away state, as it is 
called — until the molecule is again resolved into its 
elements. Then the hidden force awakens once more 
into activity, and is set free. 

This is the force which the animal extracts out of its 
food for its own purposes of life ; and the reason why 
animals consume, or tear down and destroy, the complex 
fabrics which have been formed by the plant, is in order 
that they may get for their own uses and needs the forces 
and energies which were worked in with the material 
ingredients when those ingredients were elaborated and 
built up into complex molecules. It is in this marvellous 
way that plants make food for the use of animals and 
men. 
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LESSON xm. 

PLASTIC, OR NITROGEN-CONTAINING FOOD- 
SUBSTANCES. 

DEBIYATIONS. 

Coherence. — A sticking 'together. Lot. c5]l8Sr§0, to stick to- 
gether. 

Complexity. — Being complex. 

Ingredients. — Component parts put together in a mixture. Zat 
ingredior, to enter into. 

Adhere. — To cleave to. Lat. SdhasrSo, to stick to. 

Correspond. — To answer one another, or agree. Lat, co and re- 
spondSo, to answer. 

Suspended. — Hung up. Zat. suspendeo, to hang up. 

Instrumentality. — Agency, the doing hj an instrument. Lat. 
instrumentum, a tool. 

Conferred. — Given, or bestowed. Lat. confSro, to bestow. 

Complicated. — Made of many parts. 

Gompoxmd. — A composed body. 

Resolving. — ^The separating into component parts. 

Primary. — First in order of time. 

The complex food-substances, which are formed by the 
action of living plants, all have the solid element, carbon, 
in them in considerable quantity. In all, carbon is the 
great source of their fixedness and coherence. But the 
food-substances prepared by plants are of two distinct 
kinds, some being of much higher complexity than the 
rest — that is to say, some have each one of their molecules 
made of a larger number of simple atoms, and of more 
kinds of them. Thus one class of the complex substances 
fabricated by plants are formed almost entirely of the 
three simple elements, carbon, hydrogen, and oxygen; 
wlulst the other class have nitrogen iJso mingled up in 
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their molecules. There is a very important reason for this 
difference. The vegetable substances which are formed 
of the four elements are all of a more plastic character 
than those which contain only three; that is, they are 
more fitted to be bnilt in their turn into the structures 
of animal bodies. This distinction between the two 
classes of vegetable products may be instructively studied 
in one particular instance. 

After the wheat-plant has been sown for the produc- 
tion of its grain, and after the grain has been ripened, 
harvested, and ground into flour, there are found, loosened 
out by the grinding into a powdered state, all the several 
ingredients which were put into the grain during the 
growth of the plant. If, after the mere husks of the 
grain have been removed, some of the fine flour be placed 
in a basin and kneaded up with the hand, whilst a stream 
of cold water is poured gently over it and allowed to 
run away, a fine white powder is seen to be carried off in 
the stream of water, and a sticky paste gathers about 
the hand. From this simple and easily performed ex- 
periment it appears that the flour of wheat is composed 
of two distinct ingredients, one which is not made sticky 
by water, but runs away with the flowing stream, and one 
which, on being moistened by the water, adheres to the 
hand like a mass of sticky paste. These correspond 
with the two different classes of products that have been 
named. The white powder, which is suspended in the 
water, is formed of three elements, carbon, hydrogen, and 
oxygen ; the sticky paste, which adheres to the hand, is 
made of four elements, nitrogen being added to the three 
used in the other case. 

These two distinct products, which are mingled together 
in flour, are types of the two classes of food-substances 
prepared by the instrumentality of plants ; and of th& t'Kc^^ 
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the sticky paste is the more complex production. It is 
called the gluten of the wheat grain. The word gluten, 
it will be observed, bears a strong resemblance to the 
more familiar term glue. It is, indeed, vegetable glue, 
and the name gluten has been conferred upon it for 
that reason. It is that particular result of the building- 
up operations of the plant which is prepared to be turned 
into the actual substance of the living animal frame, and 
which is itself consumed in the production of movement 
and power, after it has been so turned. There are various 
other vegetable products which bear a close resemblance 
to the gluten of wheat. Such, however, agree in being 
made of four elements, and in their molecules being of a 
very complicated character — that is, each molecule has a 
considerable number of the different kinds of atoms which 
compose it. They are all on this account classed to- 
gether under the general term glutinous, or glue- 
like. Another word that is not unfrequently used to 
distinguish them, and that is a very good term when its 
proper meaning is known, is plastic. The plastic sub- 
stances are simply those which are ready to be movMed 
into shape. The word is derived from the Greek pla43SO, 
which signifies to form, fabricate, or mould. The old 
Greeks called the soft clay, which was prepared to be 
moulded into the shape of their statues, plaBma. In 
this sense the glutinous products of vegetable constructiye 
activity are plasma, for they are prepared to be moulded 
into the various parts of the animated frame, and are pro- 
perly of a plastic, or mouldable nature. Another way in 
which these more complex productions of vegetable con- 
struction may be distinguished is by the use of the epithet 
nitrogenous. They are all of them characterized by 
having nitrogen mingled in with the other elements in 
iheir molecules. 
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There are other names employed for this same group 
of substances, which must be known, because they are 
constantly met with in printed books. Thus the plastic, 
nitrogen-containing products are by some authorities 
termed proteinaceous. This means that they are 
in the first state in which living substance is. found.* 
By other writers again they are often spoken of as albu- 
minoids, which signifies that they are of a similar nature 
to albumen, or white of egg. It is necessary to bear 
in mind in regard to this long series of names only that 
glutinous, plastic, nitrogenous, proteinaceous, and albu- 
minoid substances, are the same things. The names are 
all only so many different words for expressing one general 
fiict of composition. 

There is yet another name, occasionally used in con- 
nection with these bodies, designed to express the purpose 
and end to which they are destined. They are frequently 
called flesh-foriners, because they are so largely 
employed by the animal in the construction of its flesh, 
or the substance of its body. The particular destination 
of this class of food-substances was first strongly insisted 
upon by the distinguished German chemist, Baron von 
Liebig. But the interesting fact that the complex base 
of the whole class of these flesh-forming substances is first 
put together in the plant for the service of animal life, 
and that the glutinous or nitrogen-containing products of 
the plant are essentially the same things as the nitrogen- 
containing or albuminoid structures in the body of the 
animal, was first clearly afi&rmed by the Dutch chemist 
Mulder, who introduced the use of the term protein. 

The exact composition of the molecule of these com- 
plex, nitrogen-containing substances is not yet fully 
known. But that it must be of a very complicated nature 
* Protein, from the Gr. protend — ^to hold the first place. 
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is shown by the circumstance that the best chemists sup- 
pose there are at least forty-eight atoms of carbon, thirty- 
six atoms of hydrogen, six atoms of nitrogen, and fourteen 
atoms of oxygen, with a small trace of sulphur and 
phosphorus, grouped together in every such molecule. 
The formation of this more complicated body by the plant 
is, nevertheless, of quite a similar character to the pro- 
duction of rice. A large quantity of carbon is seized 
and worked up with the proper quantities of hydrogen 
and oxygen into the new compound, but a small quantity 
of nitrogen and a little sulphur and phosphorus are added 
as well. The superfluous quantity of oxygen, which had 
served as the carrier of carbon, is returned free into the air, 
to keep it pure just as in the case of the rice. 

The peculiar character of nitrogen as an elementary 
ingredient of living structure, is brought prominently into 
view in connection with these nitrogen-containing com- 
pounds. The great chemical characteristic of nitrogen, 
it will be remembered, is that it is indolent and slow to 
contract union with other elements, and that when it has 
once been constrained to do so, it holds to the union as 
lightly as possible, and escapes from it upon the first 
opportunity that offers. It is for this reason especially 
fit to be employed as a material in the structure of 
animal bodies, since so much of the action and movement 
of those bodies depends upon the consumption of their 
textures, and the resolving of the compounds, of which 
they have been built, into their primary elements. 
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LESSON XIV. 

AMYLOID, OR UN-NITROGENIZED FOOD- 
SUBSTANCES. 

DEBIYATIONS. 

AMYLOID. — Starch like. Gr, amulon, starch. 
Diluted. — Made thinner, or weaker. Lat, diltto, to wash. 
Teclmical. — Belonging to a particular art or trade. Lat, techntLy 

a craft. 
Texture. — That which is woven. Lat, texo, to weave, or build. 
Subordiziate. — Of inferior importance. Lat. sub 9 under, and or- 

dinatuB, ranged. 

The white powder washed away from wheaten flour, when 
water is poured over it as it is kneaded up by the hand, 
is in no way softened, as the gluten is, so long as the 
water is cold. It all settles down to the bottom as soon 
as the water is left still, just as so much sand would do 
under the same circumstances ; and if after it has settled, 
the water standing above be poured away, the powder can 
be dried and examined by itself. When this is done it is 
found to be made up of a vast number of small round 
grains. It is, indeed, neither more nor less than the well- 
known substance, starch, which is used for the stiffen- 
ing of linen, and which forms the greater part of rice. 
The flour of wheat thus consists of gluten and starch, 
mingled together and stored away in the little bag-like 
seed-coats of the grain. There is, however, a larger 
quantity of the starch than of the gluten. Nine ounces 
of starch are mingled with every two ounces of gluten — 
that is, the starch is four-and-a-half times the more ^W^<- 
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dant substance of the two. Both the starch and the gluten 
are made by the living activity of the plant, and by the 
thickening of their other ingredients with large quantities 
of dense carbon. The starch, however, is formed without 
any help from nitrogen, whilst in the gluten nitrogen is 
employed. Hence, as has already been shown, gluten 
belongs to the nitrogenized, or nitrogen-containing, groups 
of vegetable products, whilst starch belongs to a group 
which is characterized, on the other hand, as being un- 
nitrogenized, or without nitrogen. 

The word amyloid, or starch-like, has been adopted 
as the general name for the entire class of simpler com- 
pounds formed by the plant out of the three elements 
alone, because they are all, more or less, of the character 
of starch. The word is derived from the Greek amulon, 
the name for a vegetable compoxmd, very much like starch, 
with which the Greeks were acquainted. Another word, 
more commonly used in much the same sense, is fari- 
naceous. That word is derived from farina, the 
Latin name for the meal of flour. The amyloid and the 
farinaceous products of vegetable life are, therefore, to 
be understood as the less complex bodies that are formed 
without nitrogen, and that have only the other three 
elements contained in their molecules. Sugar and gum 
are vegetable products of this character, and therefore 
belong also to the amyloid group. Sugar is a substance 
the molecule of which has its carbon a little further 
diluted by the gases that are mingled in with it than is 
the case in starch. When sugar is formed, twelve atoms 
of hydrogen and oxygen are used with each twelve atoms 
of carbon in the fabrication of every molecule. 

The vegetable substances, which are sweet from the 
presence of sugar, are technically called saccliarine, 
Jbut that means nothing more than sugary. The word 
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is derived from saccharum, which is the Latin name 
for sugar. 

The amyloid or fSarinaceous food-substances are of 
special interest, on account of the view as to their 
nature and use which was held by the great German 
chemist Liebig. He maintained that the farinaceous and 
amyloid principles of food do not contribute at all to the 
building up of the structures of animal bodies, but are 
used only for the ^production of warmth and heat. Thus, 
according to this notion, when eleven ounces of wheaten 
flour in the condition of bread are eaten by a human 
being, the two ounces of gluten are turned in the body 
into flesh, or some other kind of animated structure ; but 
the nine ounces of starch are all burned up in the blood, 
for the mere production of warmth, just as oil is burned 
up in a lamp for the mere production of light. 

This broad distinction, betweeen the flesh-forming and 
the warmth- giving ingredients of the food, is not now as 
undoubtingly maintained as it was when flrst insisted 
upon by Liebig. It is still believed that the food-sub- 
stances containing nitrogen have the most to do with 
the texture-building work of the body, and that the food 
substances without nitrogen have the most to do with 
the production of its warmth. But it is now known that 
some warmth is also contributed from the destructive 
consumption of the textures of the body, which have been 
built out of the nitrogen-containing substances ; and that 
some part of the carbon of the un-nitrogenized foods is 
used in the texture-building work. The force of the 
living body, that is, its power of feeling, moving, and 
acting, is now also attributed to the destructive consump- 
tion or using up of both classes of food-substance, instead 
of being held due to the former of the two only, as Liebig 
supposed. 
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The diBtinction of the two different kinds of food-snb- 
stancoB, namely, the nitrogen-containing and the un-nitro^ 
genized, nevertheless, continues to be of great practical 
value, and for this reason. It is now known that for the 
support, in a healthy and natural state, of a full-grown 
human being, whose body is of the ordinary weight of 150 

pounds, about 6000 grains of carbon and about 
300 grains of nitrogen must be furnished in the 
form of food every day. These 300 grains of nitrogen, 
it is plain, can be supplied only by the nitrogen-con- 
taining substances, such as the gluten of wheat. The 
5000 grains of carbon, on the other hand, are furnished 
partly by the nitrogen-containing ingredients of the food, 
and partly by those which have no nitrogen in them* 
What is required, therefore, in food, by a human being 
every day, is that nitrogenized substances, containing the 
essential 300 grains of nitrogen, shall be supplied, and 
that then as much more merely amyloid substances as are 
suf&cient to make up the full allowance of 5000 grains of 
carbon, shall be added to them. When the sufficient 
quantity of these two most essential elements is provided, 
there is certain to be also an ample supply of the two 
other elements, hydrogen and oxygen, which have to be 
associated with them in building up and warming the 
body. 

If more nitrogen and carbon than the quantities which 
have been named are furnished daily in the food, the 
superabundance is of no value whatever, but merely has 
to be rejected from the body as useless waste. 

The amyloid group of food-substances is sometimes 
called carbonaceous, as another way of marking it out 
from the nitrogen-containing class. There is, however, 
the obvious objection to this designation, that the nitro- 
^az2-bearing substances have large quantities of carbon 
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in them, aoid are in that sense, therefore, carbonaceous 
also. If the distinction be understood to express merely 
that all the nitrogen which is used in the actions of the 
living animal body, is taken from the one group, and that 
the principal part of the carbon is taken from the other, 
there is no objection to the employment of the word. But 
it must even then be kept clearly in mind that the 
carbonaceous food-substances are so called simply as 
furnishing the supply of carbon needed to make up the 
quantity to the daily necessity of 5000 grains. 

There is a subordinate group of starch-like or amyloid 
food-substances prepared by plants, in each molecule of 
which a yet larger quantity of hydrogen is found than in 
the case of starch, sugar, or gum. 

These substances, indeed, are starch which has been 
deprived of very nearly the whole of its oxygen. They 
are all of the nature of oil, and are termed oleaginous, 
or oily, compounds. Most of them are of a liquid, or 
nearly liquid consistence, and, on that account, are stored 
away in the plant in little bags or sacks. Each molecule 
of vegetable oil contains twelve atoms of carbon, ten 
atoms of hydrogen, and one atom of oxygen. When these 
oily substances are used as food by animals, they are 
still more ^* heat-giving " than the true amyloid products. 
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LESSON XV. 

ORGANIZED STRUCTURE. 

DEBIYATIONS. 

Structure. — Something built. Lat, structio, a building ; strSo, 

to build. 
Insinuate — To creep, or wind, in. Lat. in and sinilo, to wind 

about like a serpent. 
Originally. — In the first instance. 
Conferred. — Bestowed upon. 

The word structure means sometliing which has 
been built. In this sense, a house is a structure, because 
it is built up of bricks, and mortar, and wood; and 
so, also, a molecule is a structure, because it is built 
up of a number of atoms, grouped together and combined 
into close connection. So again, wood, starch, sugar, and 
gluten are all structures, because they, in their turn, are 
built up of a great number of molecules put together. 
An atom, on the other hand, is not a structure, because it 
is not built up. It is the smallest form of each element 
that is known, and can in no way be shown to have 
been originally made by the putting together of yet 
smaller parts. The word structure, is derived from the 
Latin struo, which signifies to pile up, or huild. 

There is, however, one particular form of structure, 
which, being built after a particular fashion, is called by 
a distinctive name, that has a very important meaning. 
An organized structure is a structure which is built 
up of subordinate and different kinds of organs, each 
one of which has some appointed part to play, and some 
Anointed work to perform in a general service. Thus 
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a plant is a structure, because it is built up of molecules 
that are composed of carbon, hydrogen, nitrogen, and 
oxygen ; but it is also an oboanized stbuotube, because 
it is made up of roots, stems, branches, leaves, and flowers, 
each of which is an organ, or instrument fashioned for 
a particular purpose. The root insinuates itself into 
the moist porous ground, and drinks in water. The stem 
holds the branches above the ground, and carries the sap 
up into them from the soil. The branches spread out the 
leaves into the air. The leaves expose the sap to the 
sunshine, and afford a convenient outlet for the escape of 
oxygen ; and the flowers perfect and ripen the seed. 
These different parts are all instruments contrived for a 
particular purpose. They are called organs because they 
are instruments ; the word organ is derived from the 
Greek work org^anon which means an irutrument. 

The animal body is also an organized structure, because 
it, like the plant, is built up of organs. The organs, 
that are put together in the construction of the animal 
body, are the heart, stomach, lungs, liver, kidneys, brain, 
blood-vessels, muscles, nerves, and other analogous things. 
Each one of these is an instrument, which has some par- 
ticular work of its own to perform. The heart and the 
blood-vessels have to circulate the blood ; the lungs, to 
breathe and purify the air ; the muscles have to move, 
the nerves to feel, and the brain to think. The body is 
a structure in which all these several organs are built up 
together ; and therefore it is an organized structure. 

Organized structures are at once marked out from 
miorganized, by the one great fact that their own sub- 
stance is always in a state of internal change. In some, 
the change is more slowly performed ; and in some, it is 
very quick. But in all there is change of some kind ; 
and that change is, in every instance, due to the oom^teL 
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molectiles, of whieh tiie snbstaoce is built, idling asunder 
into their primary atoms, or elements. In organized 
bodies, this change takes place in every organ of which 
the body is composed ; and life i» intimately connected with 
this incessant molecular movement. 

There is another word, which looks very much like 
organized and which is in eonstant nse in connection with 
it, but nevertheless has quite a different meaning. An 
organic substance is not one which is huilt up of organs, 
but a substance that has been btnli up by the instrumentality 
or by means of organs, and that cannot be made without 
their help. Thus gluten, starch, and sugar are not 
organized substances. They have no organs in them- 
selves ; they are not built up of organs. But they are all 
organic substances, because, although not organized, they 
have been built up by the operation of the living organs 
of plants. The food substances, which are prepared for 
the use of animals, by plants, are all in this sense or- 
ganic bodies. 

Organized structures are generally at once distinguished 
from unorganized, by their curved and swelling outlines, 
and by the softness of the substance of their different parts. 
The softness is almost universally due to the mingling of 
solid and liquid matters in that substance, and is one of 
the means by which provision is made for the unceasing 
change it is destined to undergo, so long as it forms part 
of a living organization. Hardness is conferred upon an 
organized body only, when it has some merely chemical 
office to fulfil, as in the instance of the wood of trees and 
the bones of animals. 

Organized substances become hard, like minerals, when 
they have to be turned to account in some mineral, or 
unliving, or mechanical way. But organs that are per- 
formmg active work in any of the processes of life, are 
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always of a soft nature, and so mucli tbe more soft accord- 
ing as the work wbicb they accomplish is tbe more 
energetic. Thus the flesb, wbicb moves tbe limbs of an 
animal, is softer than the gristle, or bone ; and the brain 
is, in its torn, very much softer than tbe flesb. 
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LESSON XVI. 

THE COMPOUND GAS AMMONIA. 

DERIVATIONS. 

Transitional. — Passing away, not lasting. Lat, transitio, going 

away from one to another. 
Obvious. — Clear, or plain. 
Impetuous.— Eager. 
Intimately. — Closely. 
Component . — Constituent. 

Part I. 

This Lesson, in the history of the building operations 
of plants, has to consider the question of whence all the 
vast stores of nitrogen, employed in constructing the 
plastic or nitrogenous substances of the food, are derived. 
It is obvious that in the air there are vast stores of this 
gas. But it is well ascertained that that is of no use 
whatever for this particular purpose ; because, as it exists 
in the air, nitrogen is so unwilling to unite with other 
elements that not even the active oxygen with which it 
is there so abundantly mingled, can, even under the • 
quickening influence of bright sunshine, induce it to 
abandon its obstinate resistance. Nitrogen remains 
almost unaltered and unchanged in its vast reservoir the 
atmosphere. 

The great source from which this most important 
element is obtained, to meet the vast demand set up by 
the building operations of plants, will be best understood 
if a new body, not hitherto spoken of, be introduced upon 
the scene, in the state in which it was first presented to 
the notice of observing men. There is a hard, white 
salt, somewhat largely employed by the chemists at 
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the present day, which is called sal ammoniac. It 
bears this name because it used to be brought, as an 
article of commerce, many centuries ago, from the Libyan 
Desert, which lies to the west of Egypt. It was there 
found, in the first instance, mingled with the soil in the 
neighbourhood of an old temple, dedicated to the heathen 
diyinity known as Jupiter Ammon. The salt was for this 
reason called the Am.m.OIliaiI salt, or sal ammoniac. 

If a small quantity of this sal ammoniac be mixed with 
about double its weight of quicklime, there immediately 
rises up a vapour that has a pricking, or pungent smell. 
This pungent vapour is, in reality, a gas, fixed in the 
salt in large quantities, and is set free from it by the 
influence of the lime. The gas can be collected in a 
bottle. When it is so collected, it is found to have 
such a strong inclination towards water, that if a jar 
filled with it be placed with its mouth in a basin of 
water, the gas all rushes down into the water, as if in 
a flash, and the water rushes up in the same impetuous 
way, to take its place in the jar. The mutual attraction 
between the water and the gas is indeed so exceedingly 
strong, that one pint of water will take up into itseK, and 
dissolve away, 670 times its own bulk of the gas ; or, if 
estimated by weight, one pound of water will dissolve half 
a pound of the light gas. 

But the water, which has dissolved the gas, is then 
found to retain its leading properties ; to be, in its turn, 
pungent or pricking to the smell and burning to the 
taste. In fact it is then neither more nor less than the 
strongly smelling spirit familiarly known as harts- 
lioril. The more scientific name for this pungent liquid 
is, the solution of ammonia. Ammonia, therefl&re, is a 
gas extracted from sal ammoniac, and readily dissolved 
n water. The name, it will be perceived) \& ^^^H^::^ 
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derived from that of the salt ; ammonia heing simply the 
gas which is contained in the salt originally hrought 
from the neighbonrhood of the temple of Jupiter Ammon 
in Libya. 

The nature of this gas, however, is such as largely 
increases the interest with which it has to be contem- 
plated. It is not a simple element, like oxygen, hydro- 
gen, or nitrogen; but is a compound gas, which, like 
carbonic acid, can be resolved into its elements. This 
was for the first time discovered, about three-quarters of 
a century ago, by the distinguished chemist, Dr. Priestley. 
*He took a quantity of pure dry ammonia, that is, in the 
state of transparent gas, and shut it up in an earthenware 
tube. He next made the tube red hot, and found that no 
change took place in either the appearance or in the quan- 
tity of the gas. There remained just the same weight 
and bulk that he had put into the tube. But all the 
pungent smell was gone. In fact the ammonia had dis- 
appeared, and there remained in its place two di£Eerent 
gases, mingled loosely together, very much as nitrogen 
and oxygen are mingled in the air ; one of the two indeed 
was nitrogen^ possessing all the properties of the nitrogen 
of the air ; but the second gas was not oxygen. It was 
a much lighter gas and burned with a pale flame; and 
when burned in connection with oxygen, it was at once 
converted into water. In short it was hydrogen gas in 
its purest form. Ammonia, therefore, is a compound gas, 
made of nitrogen and hydrogen, intimately combined or 
in chemical union. The proportion in which they are 
combined is one part, by measure, of nitrogen, and three 
parts, by measure, of hydrogen. The gases remaining 
in the earthenware tube after Priestley's experiment 
were in these relative quantities. When nitrogen is 
turned into ammonia, this, therefore, is what happens. 
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Three atoms of hydrogen seize upon one atom of nitrogen 
and form it into a compound molecule, which then is a 
molecule of ammonia, possessing a pungent smell, great 
solubility in water, and the other properties characteristic 
of this gas. 
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Cabbokio add and ammonia, then, are both invisible, 
transparent, gaseous bodies, at the ordinary temperatures 
of the earth ; and they also further agree in being both 
compound gases made by the union of two elements. 
Carbonic acid is formed by the union of carbon and 
oxygen ; and ammonia by the union of hydrogen and 
nitrogen. Carbonic acid is one-half as heavy again as 
oxygen, because the oxygen is weighted by the dense 
element, carbon, mingled with it to constitute the com- 
pound gas. Ammonia, on the other hand, has only one- 
half the weight of nitrogen (or oxygen), because in it 
the nitrogen is lightened by mingling with the light gas 
hydrogen. 

Thus, carbonic acid and ammonia contain in them- 
selves, when taken together, all the four elements that 
are chiefly used for the construction of living, organized 
textures, and of the nearly allied organic substances; 
they contain, namely, carbon, oxygen, hydrogen, and 
nitrogen. If, therefore, carbonic acid and ammonia be 
supplied in sufficient quantities to living plants, these 
have nearly all the materials they require for their con- 
structive operations. A,s both these compound gases are 
soluble in water, such supplies of them as are needed can 
be easily carried into plants by water. 

Carbonic acid and ammonia then resemble each other 
in that they are both compound gases, and ore bot\i dcc^^^rok 
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upon as the chief sources of building material by plantd. 
They differ, however, from each other in one very re- 
markable circumstance, which needs to be well kept in 
mind. Carbonic acid is easily made by the artificial com- 
bination of its elements ; but, when once made, can only 
be unmade, or turned back again into those elements, by 
the separating or resolving powers of vegetable life. 
Ammonia, on the other hand, cannot be made out of its 
elements by artificial means, but can easflj, by those 
means, be resolved, or separated back into them. Am- 
monia, however, is made by the operations, not of vege- 
table, but of animal, life. It is a product of the decom- 
position and decay of the nitrogen-containing substances 
of auimal bodies. When those substances are decom- 
posed and turned back into their component elements; 
the hydrogen and nitrogen, at the instant of dismissal 
from them, linger together for a certain time, and in that 
lingering and transitional state constitute the pungent 
gas ammonia. 

All the supplies of ammonia, which are furnished for 
the building work of living plants, are derived from 
this source. They are all taken from the vapours that 
result out of animal decay. The wide intervals which 
lie between the broadly scattered atoms of &e gases of 
the atmosphere are at all times convenient lurking plaoes 
for the molecules of both carbonic acid and ammonia. 
Both those compound substances are poured out into the 
atmosphere in never-ceasing gaseous streams, alike from 
living and dead animal bodies. In what is ordinarily 
considered pure air, even in the free open spaces in the 
country, there are always some traces of carbonic acid 
and ammonia floating amidst the air-particles, ready to 
serve for the building work of the plants. 

Od0 of ihe most wonderful facts, perhaps, that is met 
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with in this interesting region of investigation is the 
large results which are worked out from apparently 
the most trifling, and, what may in ignorance be con- 
ceiyed, quite inadequate means. Thus, the quantity of 
ammonia contained in the air very seldom amounts to 
more than the nyoVgiy P^^^ ^^ ^^^ whole. That is to say, 
it would require about 100,000 pints of air to furnish 
a single pint, or five grains weight, of ammonia. The 
quantity is kept down to this very small amount, on 
account of the ready way in which ammonia is washed 
out of the air by the rain. Nevertheless, as much as 
80 pounds weight of this pungent gas is furnished to one 
acre of ground, by the rain, every year. The amount of 
carbonic acid gas contained in very pure air amounts to 
about three parts in every 10,000. There is indeed 
about one pint-measure of carbonic acid gas in every 
8333 pints of air. Carbonic acid is also washed out of 
the air by the rain and carried to the ground in such 
abimdance, that not less than 900 pounds weight of it are 
furnished to every acre of ground in a year. 

Plants, therefore, get the enormous supplies of carbon, 
nitrogen, hydrogen, and oxygen which they need for carry- 
ing on the important work of fabricating food-substances 
and their own structures, from the rain bringing dovin 
carbonic acid and ammonia into the soil, and from the 
winds blowing those gaseous compounds against their 
porous leaves. The comparatively small quantities of other 
ingredients, which are also required to be worked up with 
those elements, are obtained from the soil and carried 
by the water, washing through it, to the roots of the plant. 
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n. — Classification of Food-Substances. 

LESSON XVII. 

VEGETABLE FOOD-SUBSTANCES— GRAIN OR CORN. 

DERIVATIONS. 

Ingredient. — Component part. Lat. ing^Sdior, to enter into, 
Palatable. — ^Agreeable to the taste. Lat. palatum, the roof of 

the mouth. 
Virtually. —Really, in effect. Lat. virtus, strength, force. 

Part I. 

The most valuable of all the numerous food-substanoes 
which are prepared out of the raw material of nature by 
the plant, are the products familiarly known as com, 
or grain. These are properly the seeds of different 
kinds of grasses. The wheat-plant is a grass of a large 
kind, which is now spread over all the temperate parts of 
the earth, on account of its great value to human beings, 
and which has been so long thus spread and artificially 
cultivated, that it is not even known where it was in the 
first instance found. 

The vast importance of the natural family of plants, 
known as grasses, is shown by their great numbers. 
About 82,000 different species of plants have been distin- 
guished by scientific men. Nearly one-twentieth part of 
these, or about 3800 of t^e whole, are different forms of 
grass. But the individual plants of each different form 
are, over and above this, in such exceeding abundance, 
that it has been roughly estimated as many as one-half of 
the plants living at one time upon the earth are grasses. 
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Corns or grains are the seeds, then, of these grass- 
plants. Both names have been used amongst men from 
the earliest periods of human history. Com is the 
word which was employed by the Anglo-Saxon forefathers 
of Englishmen. Grain is derived from the old Latin 
or Boman name for the same class of seeds. In every 
one of these seeds, just as in wheat, the hard dry part 
contained within the outer coats of the grain is made up 
of a mingling together of the gluten and starch, which 
have been febricated by the growing leaves of the grass. 
The seeds are therefore, in every case, little fixed stores 
of food-substance, packed away in coats or husks. The 
purpose for which these stores are, in the first instance, 
provided is, no doubt, to furnish food to the germ of 
the new plant which is packed away amid them in the 
seed. When the seed is placed in moist ground, and the 
germ or young plant begins to shoot, these fixed stores 
are drawn upon for its earliest nourishment, untU the new 
grass has thrust its own little rootlets well into the soil 
to take up the work of feeding it. 

In the case, however, of the more valuable grass seeds, 
or grains, such as wheat, man takes possession of much 
the larger number of them on his own account, before the 
yoimg plants have been allowed to use them as food. 
But there is no real loss in the end in this apparent 
robbery, because by the art of agriculture man multiplies 
the plants at the same time that he consumes the seeds. 
He ploughs and loosens the ground, and causes it to 
grow grain-bearing plants, where only weeds would have 
flourished without his care. 

Wheat is, on the whole, the most valuable of these 
corn-yielding plants, because its seeds contain in them- 
selves an ample provision of nearly all the ingredients 
that are required for the support of the living animal 
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body. If enough wheaten bread be taken to supply the 
800 grains of nitrogen and the 5000 grains of carbon 
that are needed daily by a human being, life can be 
sustained for a long period on bread and water alone. 
As a matter of fact, if enough of the wheat be taken to 
furnish the 300 grains of nitrogen, there is sure to be 
more than enough of the carbon as well. Two pounds 
and a half of good wheat flour contain 300 grains of 
nitrogen, but they also contain 6600 grains of carbon. 
A human being, therefore, who is dieted upon wheaten 
bread made from two pounds and a half of flour^ has 
all the nitrogen which is necessary for the support of the 
living actions of the frame, and 1600 grains more carbon 
than is required, which therefore has to be daily disposed 
of as waste. 

The corns which stand next in value to wheat, as food- 
substance for man, are oats, barley, rye, maize, and rice. 
These, including wheat, are all, however, only of this 
superior value on account of their large size. They all 
have abundant stores of gluten and starch packed away 
in their dry husks or seed-coats, whilst a great number of 
other kinds of grass seeds are so small that they are not 
worth the trouble of grinding into meal. But for this 
reason all grass seeds might be turned to the same good 
account, as they all fabricate gluten and starch. 

Oats are chiefly of value because the plant is of so 
hardy a nature that it can be cultivated in many poor soils 
and cold situations which would not yield wheat. The 
meal which is made from grinding the grain is rich both 
in gluten and starch. It is considered, indeed, by many 
authorities, to have a larger proportion of the glutinous 
ingredient, weight for weight, than the meal of wheat. 
Its disadvantage, in comparison with the wheaten meal, is 
ibat it IB not as easily preserved for use, and that it cannot 
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be tamed into palatable fermented bread. When it is used 
as food, as it is in some parts of the north of England and 
throughout Scotland, it is either formed into close unfer- 
mented cakes, by mixing and softening with water into 
a paste and baking upon hot plates, or it is made into 
porridge, in which state it is a most nourishing food, 
especially if eaten with milk. Gruel, which is so com- 
monly prepared as a light food for sick people, is only a 
thinner and more delicate form of oatmeal porridge. It 
is made of oats which have been entirely freed from their 
outer husks, and which in that state are called groatS. 

Rye is a grain produced by a grass that resembles 
wheat in many particulars, but is distinguished from it by 
having its ears bearded like, but not so long as, barley. 
It is a coarser and harder grain than wheat, and two 
or throe centuries ago was much used in England for 
bread. Rye bread is now rarely seen in this country, 
but the grain is still used in the northern parts of 
Europe, as in Sweden ; hard dry cakes, made from rye, 
there take the place of bread. They are, however, both 
a coarser and poorer food than oat-cake. 

Barley is chiefly used for the production of malt, 
from which beer is brewed. The meal is quite as un- 
suitable as that of oats for making bread ; but the grain 
is, nevertheless, nourishing in itself. Pearl barley, 
which is commonly used as an agreeable addition to 
soups, is merely the grain of the barley freed from its 
seed-coats. It is so hard as to require as much as three 
or four hours' boiling, in liquid of some kind, before it is 
fit for use. 
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Rice is a grain which can be grown only in warm 
climates, and in situations where there is abundance of 
moisture. Thus, India and China are the great centres of 
its production, and in those countries it takes the place 
which wheat has in lands circumstanced like England 
and the temperate parts of Europe. In India and China, 
the poorer classes are fed almost exclusively upon rice. 
It fortunately happens that the grain is of so firm and 
dry a character as to be easily sent from the countries 
where it is grown to distant places like England. It is 
capable of forming there an agreeable and useful addition 
to the diet of all classes of people, on account of the way 
in which it can be mingled, in cooking, with other articles 
of food. The leading peculiarity of rice is, however, the 
very large proportion of starch and the very small jwo- 
portion of gluten which it contains. In rice there is no 
more than one part of gluten to every thirteen parts of 
starch, instead of there being two parts of gluten to every 
nine parts of starch, as is the case with wheat. It is on 
account of this peculiarity that rice is so commonly 
used for the manufacture of laundry starch, in the pre- 
paration of which substance the more common and least 
valuable kinds are employed. When the rice is still en- 
closed in its outer husks, it is of a dark colour, like most 
of the other corn-grains, and in that state bears the 

name of paddy, or paddee. 

There is one other grain which is also of great value 
in warm parts of the earth where wheat cannot be advan- 
tageously grown. It is called Indian corn, on 
account of being the grain that is extensively used by 
the natives, or Indians, of those regions. The Indians, 
liowever^ who are referred to by the name, are not the 
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inhabitants of Hindostan, but the Indians of the western 
continent of America, first known from the conquests and 
settlements of the Spaniards and Portuguese. Another 
name for this grain is maize (Zea Mais). The maize 
plant is considered to have been originally a native of 
America, but is now found cultivated in the greatest 
abundance throughout the wildest and most remote dis- 
tricts of equatoria] Africa ; and, as in the case of wheat 
amongst more civilized peoples, there is no reliable 
account of the period or manner of its first introduction 
into these parts. 

The maize plant is a very interesting illustration of the 
way in which vegetable forms are converted into structures 
of giant growth by the quickening influence of sunshine 
and moisture in the hotter regions of the earth. Most 
people have heard how brakes, or ferns, become large 
trees under such circumstances. The maize is a grass 
developed after the same fashion by warmth into giant 
proportions. It might almost be termed a tree-grass. Its 
stem is as thick as a stout walking-stick, and grows seven 
or eight feet high. Its ear is a great club-shaped cob, 
several inches long and round, and its seeds or grains are 
sometimes as large round as a threepenny silver piece, and 
are packed closely about the cob. The maize also affords 
a very interesting illustration of the wonderful powers of 
increase of grain-plants of this character. There are com- 
monly as many as 400 seeds packed round upon the club- 
like top of a single cob. When a man plants all these 
seeds in the ground, and in due time gathers the crop of 
grain which they yield, he has virtually increased the 
numbers of this useful plant four hundredfold in one 
season of growth. 

Maize does not bear storing and transport as well as 
wheat and rice, and on that accoimt it is not us^ in «[£^ 
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very large quantity in England, except as food for horses, 
cattle, pigs, and poultry. It is principally consumed as 
the staple grain-food of the countries where it is grown. 
Maize contains very nearly the same proportions of 
gluten and starch as wheat, the standard grain which is 
the great staff of life in the temperate regions of the 
globe. 

It is a notable, although not always understood, fact 
that in all these food-grains there is present a small 
quantity of oil, in addition to the large stoi*es of gluten 
and starch. The different kinds of grain have larger or 
smaller amounts of it, and are found to be more or less 
heating as food accordingly as there is more or less. 

From one to four ounces of oil can be extracted from 
100 pounds of wheat. 

In oats there are two or three times as much oil again. 

In Indian corn the oil sometimes amounts to a twelfth 
part of the weight of the grain, that is in favourable 
circumstances. Eight pounds of oil can be extracted 
from 100 pounds of maize. 

Eice, on the other hand, contains the smallest percep- 
tible trace of oil. 

The husk of corn-grains, which is removed in the 
process of manufacturing £ne flour, is mainly a stout and 
tough great-coat provided for the protection and safe 
storage of the inner and more valuable part. There are, 
however, in all these seeds two distinct coats, an outer and 
an inner one, and of these the outer is the coarser and 
stronger. It is, indeed, made proof against moisture by 
a kind of varnish or glaze of flint. The inner coat con- 
tains small quantities of various earthy substances that 
are used in the building process of the body ; such, for 
instance, as phosphorus, magnesia, potash, and some other 
like compounds. 
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Even these husks of the grain, therefore, are capable 
of rendering good service when they are judiciously 
mingled with the food, especially if these mineral in- 
gredients do not chance to be supplied from any other 
source. This is the real reason of the yalue of brown 
bread. In brown bread all, or a considerable part of, 
the husk of the grain is ground in with the flour, that 
is, with the gluten and starch. As, however, the husk 
is apt to be somewhat hard to digest in its unbroken 
state, the best brown bread is that which has had the 
husks removed carefully, ground into fine powder by 
themselves, and then restored to the flour. Husks or 
bran, which have not been treated in this way, may 
prove irritating to persons with a delicate digestion. 
Brown bread is nevertheless held by some authorities to 
be more digestible and more nourishing than white. 
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LESSON XVJUl. 

FRESH VEGETABLE FOOD-SUBSTANCES. 

DERIVATIONS. 

Condensed. — Close, or compact. 

Tissue. — A texture, or fabric made, woven stuff. Lai. texo, to 

weave. 
Deposit. — ^A thing laid down or lodged. Lot, deponOy to lay 

down. 
Complicated. — Made of many parts. 
Succulent. — Full of juice. Lot, sucillentus, juicy, succuSy 

juice. 
Volatile. — Passing off into the gaseous state. Lot, vSl&tiliSy that 

can fly, volo, to fly. 

Part I. 

The seeds of the grain-plants are the most serviceable 
and valuable form of vegetable food-substances, because 
in them the gluten and starch prepared by vegetable life 
are condensed and packed away in a small space. It is 
on this account that in something less than three pounds 
of wheat there is food enough for the support of a fully 
grown human being for a day. 

But all the food-substances made by the plant, and 
stored away in its seeds, are also found in a less condensed 
form in its soft tissue and juices. Animals can therefore 
feed upon the fresh green corn-plants themselves, as well 
as upon their ripened seeds. This is familiarly shown by 
the way in which large animals, such as sheep, oxen, and 
horses, build up and sustain all the textures of their 
bodies, though eating nothing but fresh grass. There is 
an abundance of both gluten and of a principle nearly 
approacbing starch in character, in the green blades and in 
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the juices of grass, and these are secured by the animals 
when they graze in the pastures. 

So, in the same way, there are many fresh vegetables 
eaten by men that contribute materially to the nourish- 
ment of their bodies. First and foremost among these is 
the one which is found upon every table, and which is 
known to everyone as the potato. 

The POTATO was originally a native of America, where 
it was first seen and described, so far at least as English 
observers are concerned, by the companions of Walter 
Baleigh, in one of his expeditions of discovery during the 
reign of Queen Elizabeth. The plant was, however, 
previously known to the Spaniards and Portuguese during 
their early visits to Quito. The word potato is merely a 
corrupted form of the Portuguese name, batata, which 
meant apple of the earth; the same. thing as the French 
pomme de terre. 

The part of the potato used for food is the tuber, 
which is properly an tmderground portion of the stem of 
the plant, swelled out and enlarged into this state by 
deposits sent down into it from the growing leaves. These 
deposits are intended, like the food-substances stored up 
in grain, for the first support of the progeny of the plant. 
The potato plant multiplies itself by sending out shoots 
under the ground, and then pushing out tubers from them. 
The so-called eyes upon the potato are the germs firom 
which the new potato plants spring. The potato tuber 
is, therefore, only a different kind of food-store to that 
found in seeds, and is prepared for the nourishment 
of the next generation of the plant. Several tubers, or 
swellings of the underground stem, are formed by each 
plant, but these are connected together into a kind of 
bunch by string-like fibres running from tuber to tuber. 
All the food-substance, however, which is depoB\t^ m 
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the tuber of the potato is, in the first instance, formed in 
the leaf of the plant out of the sap, and is then sent 
down to be stored away in the underground stem. 

The food-substances which are packed away in the 
swellings of the underground stem of the potato are of 
almost the same nature as those found within the seed 
coats of com, excepting that they are very much more 
moist and less condensed. They are gluten and starch. 
The starch is, however, in even larger preponderance 
than it is in rice; and the quantity of water is in yet 
larger amount than the starch. As much as three-fowrdiB 
of the weight of a fidl-grovm potato is toater, and of the 
remaining fourth about a sixth part is gluten, and the 
other five-sixths are starch. From three to four ounces 
of starch may be extracted from a pound of fresh 
potatoes. 

It is a curious fact that the potato is the produce of a 
poisonous family of plants. The poisonous principle, 
however, is in this case very largely diluted by the rapid 
and abundant production of starch, and the small trace of 
it which remains is chiefly confined to the outside coat, 
and is entirely taken away by the use of boiling water 
in cooking. The water in which potatoes have been 
cooked is for this reason always carefully separated from 
them. 

Carrots, turnips, and parsnips are used for 
food in a fresh state much as the potato is. They are, like 
it, deposits of food-substances which, having been first 
manufactured in the leaves, are then stored away in a 
moist state in the root, to be employed afterwards in the 
fabrication of fresh shoots. They all contain small 
quantities of gluten in their juices, but for the most part 
not more than one or two per cent, of the weight of the 
whole. They have more water even than the potato, and 
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the amyloid or starch-like ingredient is changed from the 
insoluble condition in which it is found in starch, into 
the sweet and soluble state known as sugar. The sweet- 
ness of these fresh vegetables is caused by the presence of 
sugar, of which the carrot and parsnip contain a larger 
quantity than the turnip. The peculiar flavour of fresh 
vegetables of this kind, which makes them agreeable to 
the taste, is a minute trace of a still more complicated 
substance, made by the leaves of the plant and then 
mingled in with its juices. In beetroot, which is used 
for the food of oxen and sheep, and employed also as a 
fresh vegetable by human beings, the sugar is so abimdant 
that the plant is sometimes grown as in France for the 
sake of extracting and manufacturing it. 



Part II. 

In the cabbag^e it is the large leaves which are boiled 
for food. As much as nine-tenths of their toeight is simply 
water f but there is dissolved in this liquid, to form the 
juices of the leaf, some considerable quantity of a gluti- 
nous compound, capable of affording nourishment. The 
same thing also is true of broccoli and cauliflowers, 
in which it is the young and not fully expanded flower 
buds just opening upon the top of the stalk that are 
eaten. The broccoli and cauliflower belong to the same 
great natural family of plants as the cabbage, as do also 
the water-cress, garden cress^ and mustard, the leaves of 
which are eaten imcooked; the radish, so pleasant as 
8alad ; and horse-radish, employed to garnish and flavour 
roast bee! In the whole of the vegetables of this 
class, however, it appears that there are some other 
ingredients contained in the juices or textwi^^ oi \^ 
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plants, which seem to exert some nsefol or advantageous 
influence upon the animal structures that are built up out 
of them. Such vegetables, therefore, are held to be 
very wholesome when taken in connection with the 
stronger and more condensed foods. 

Onions, which are the succulent bottoms of the leaves 
of another kind of plant, turned into a bulb or feJse root 
beneath the surface of the ground, and which are eaten 
both in a raw and cooked state, contain an unusuallj 
large store of glutinous nourishment. They are used, 
however, rather on account of the strong flavour mingled 
with their juices, as one of the products of the growing 
operations of the leaves, than on account of their nourish- 
ing properties. They are hence employed rather as an 
addition to other foods which are wanting in flavour than 
as a food by themselves. They are very wholesome 
when thus employed. Their flavour is due to a volatile 
principle, analogous to the essential oils of which strong 
scents are composed. The odour is not easily got rid 
of, and is not agreeable to everyone. The onion is, 
therefore, not as universally used as it would probably be 
but for its strong taste and enduring odour. Ijeeks, 
chalots, and garlic are all of a somewhat similar 
nature to the onion, in that they all contain a strongly- 
smelling essence, to which the same objection applies, and 
especially in the case of garlic. 

There are yet some other kinds of vegetables to be 
added to this already large list, but they are all of a more 
or less analogous character to those which have been de- 
scribed, and are chiefly acceptable on account of the 
pleasant variety of food they aflbrd. Asparag^US is 
furnished by a kind of lily, and it is the young shoots of 
the plant which are used. Spinach, is a kind of goose- 
foot, belonging to the same family of plants which yields 
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beetroot, and it is the young leaves of it that are eaten. 
Vegetable marrow is the fruit of a kind of cncmn- 
ber or gonrd. The cucumber itself is the fruit of 
another plant of the same group, which is, however, so 
succulent, juicy, and pleasant in flavour, that it can be 
eaten without cooking. The lettuce consists of the 
young leaves of a plant belonging to the same great 
natural tnbe as the sunflower and the daisy, which are 
also so succulent that they can be eaten raw. Celery 
is tiie crisp juicy stem of a plant of the poisonous hem- 
lock tribe, but the hurtful ingredient of the juice is 
prevented from being matured in any strength by 
growing the plant in trenches in comparatiye darkness. 
Sliubarb is the young soft stem of a plant of the 
dock or buckwheat family, which has such a pleasant 
taste that when boiled and sweetened with sugar it takes 
the place of a fruit, and proves as wholesome to most 
people as it is agreeable to the taste. It is very welcome 
on account of being ready for use in the early spring, 
before any of the real fruits can be had, but the peculiar 
acid which it contains does not agree with everyone, 
being indeed poisonous in a concentrated state. 

Peas, beans, haricots, and lentils are the seeds 
of that natural family of plants which has gay butterfly- 
shaped flowers, and which ripens its seeds in pods. The 
entire pod of some of the beans, called scarlet run-* 

ners, and dwarf French beans, is used before it is 

fully formed. The seeds themselves of both peas and 
beans are remarkable for the very large proportion of 
gluten or the nitrogen-containing ingredient which they 
possess. This product, in the case of the pea and bean, 
has, however, a new name given to it. It is called 
legumin, a term derived from legume, which is the 
learned name for a pod. These seeds rank e^^ii ^X^^^ 
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wheat in the quantity of the nitrogen-yielding principle 
which they contain. One-fourth part of the weight of 
dried beans or peas is legumin. Two pounds of peas 
contain something more than 5400 grains of carbon, 
and 500 grains of nitrogen. That quantity, therefore, 
has in it more than the amount of these two important 
ingredients which a living human body requires in a day. 
But although peas and beans are of a highly nutritious 
nature, the nourishing substances are in so hard and 
condensed a state that the seeds require careful, and in 
some measure skilful, preparation by cooking before 
they can be turned to account; and very few people 
would like to live on two pounds of peas a day. They 
are, indeed, better suited to be mixed in moderate quanti- 
ties with other kinds of food than to be used by them- 
selves. The pea and the bean have their condensed stores 
of legumin deposited in them for precisely the same 
reason that gluten is stored in wheat. They are intended 
to be used as the first nourishment of the young plant 
which would be developed from the seed if it were made to 
grow. It will be perceived that peas and beans or pulse, 
although not properly of the plant group which yields 
com, are nevertheless allied to it in this peculiarity, and 
in reality stand in a sort of intermediate position between 
corn-grains and the fresh vegetable substances that are 
employed as foods. 



» 
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LESSON XIX. 

MANUFACTURED FARINAS AND SUGAR. 

DEBIYATIONS. 

Farina. — Meal. 

Granule. — A little grain. Lat. granum, a grain. 
Analogous. — Like to. Or. analogia) a like reason. 
Conversion. — A changing. 

Staboh, in a dry and very pure form, is extracted from 
some other kinds of plants in which it is produced in 
great abimdance, besides rice, in order that it may be 
turned to account afterwards as the food of living human 
beings. 

Arrowroot is one of the best known kinds of farin- 
aceous food-substance manufactured in this way. It is 
procured from the root of a plant very nearly allied to 
the family which yields ginger, and can be grown only 
in warm countries. The root is dug up and crushed in a 
mill when it is one year old, and is then washed in 
successive streams of water until all the abundant starch- 
grains it contains have been extracted. These are then 
allowed to settle down in shallow troughs into a kind of 
white pasty mass, which is afterwards dried in the sun, 
and packed in boxes for transport Arrowroot, when 
properly made, consists of almost pure starch. 

Sago is prepared in a somewhat similar way from the 
jpiih of a^lm, A farinaceous paste is extracted from the 
pith, which is squeezed through a sieve, and then dried 
in a hot iron pot into the granular or grain-like form in 
which it is sold for use. The grains of the sago are thus 
not seed-grains produced by the plant, as in the cofii^ <^1 
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rice and pearl barley, but little round masses formed ont 
of paste by an artificial process. Tapioca is the starch 
extracted from the root of a sparge plant which grows in 
the hot parts of South America. The root is grated and 
washed, and the starchy remainder is dried upon hot 
plates and broken up into granules. 

The preparations sold under the names of corn-flour, 
OSWeg^O,* and maizena are made from Indian com, 
or maize. They are nearly all pure starch. They do 
not contain at the most more than from sixty to seventy 
grains of gluten in the poimd, and very often not more 
than one-third of that quantity. The whole of these 
farinaceous preparations stand in the same position as 
regards their employment as food. In consequence of the 
almost entire absence of gluten, or of any nitrogenous com- 
pound analogous to it, they are not sufficiently nourishing 
to be used by themselves. But they are very delicate and 
-excellent additions to more concentrated kinds of food. 
Thus they are all suitable for consumption with milk, 
which is rich in nitrogenous ingredients; and are also 
very serviceable in soups and broths, and when made into 
puddings with eggs and milk. 

Sug^r is by far the most valuable of the various 
unnitrogenized articles manufactured from vegetable sub- 
stance by the skill of man. This product is formed natu- 
rally in the juices of various kinds of plants, and can be 
extracted from them. It is, however, almost exclusively 
prepared in any large quantity from the sugar cane and 
from beetroot. 

Sugar is very nearly allied in nature to starch. It is, 
indeed, merely starch which has a trifle more hydrogen 
and oxygen mingled with its dense carbon. Each sepa- 

* Oswego, a large town on the south shore of Lake Ontario in 
New York State, 
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rate molecnle of sugar contains twelve atoms of carbon, 
twelve atoms of hydrogen, and twelve atoms of oxygen. 
This comparatively slight change in the composition 
of the molecule has, however, a very important result. 
Sugar is very soluble in cold water, which starch is not. 
A single ounce of water can dissolve away as much as 
two ounces of sugar into itself. The consequence of this 
is, that whenever sugar is made in a plant it is at once 
dissolved in the sap and juices. The presence of sugar is 
immediately distinguished by its sweet taste, but starch 
has scarcely any taste whatever. 

The very close relationship between sugar and starch 
is also shown in another striking way. Sugar is easily 
made out of starch. All the condensed deposits of starch, 
which are formed in living plants as fixed stores of 
nourishment to be used by the young growing grains and 
new shoots, are first turned into sugar, in order that the 
nourishing substance may be dissolved in the sap and 
carried to the place where it is wanted. All seeds 
become soft and sweet when they begin to grow. This is 
very strikingly seen in the process by which the grain of 
barley is converted into malt. The grain is soaked in 
water, and then kept warm until it begins to sprout, as it 
would have done if it had been placed in the groimd at 
the beginning of spring. As soon as the sprouting of the 
grain has proceeded to a certain point, the seeds are dried 
in kilns by artificial heat, and it is then found that the 
starch of the grain has been converted into sugar, which 
can be extracted by water. The grain has then ceased to 
be homy and hard, and has become sweet and soft 
instead. In that state it constitutes what is called 
malt. Malt is merely the grain of barley made sweet 
by the conversion of its starch into sugar, through an 
artificial process of germinating or sprouting. 



I 
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The chief part of the BUgar imported into England is 
prepared from the juice of a giant grass called the 
sugar cane, which is cnltivated for the purpose in 
many of the warm countries of the earth. This cane 
grows as high as fourteen or fifteen feet, and is nearly as 
thick as a man's wrist. The sugar is formed in richest 
ahundance just before the opening out of the flowers of 
the plant. The cane is therefore cut down at that time, 
which is about a year after it has been planted, and is 
then crushed between large iron rollers. The sweet 
juice which is squeezed out is first mixed with lime to 
remove its glutinous ingredients, and is then thickened 
by boiling, imtil at last it is so thick that it becomes 
sugar when allowed to cooL LiOaf sugar is made by 
melting brown or moist sugar over again, and stiU further 
purifying it by the action of lime and charcoal. Brown 
sugar is somewhat sweeter than white. 

The same kind of refined or white loaf sugar is also 
manufactured from the juice of the beetroot. The great 
value of sugar as an article of food is very well expressed 
in the fact that as much as 700,000 tons of loaf sugar are 
made from beetroot every year in the various countries 
of Europe, and that as much as 1,400,000 tons of cane 
sugar are brought to those coimtries in the same space of 
time from warmer parts of the earth. 

Molasses and treacle are the coarser parts of the 
sweet juice of the sugar cane, which do not harden into 
crystals when cooling. They are separated from the 
crystallized portion by various ingenious contrivances, 
the best of which causes them to be whirled out as a kind 
of spray when the sugar is placed in rapidly revolving 
cylinders, or drums, pierced through the outer sides with 
holes. Although treacle is of a less delicate character 
and favour than sugar, it still contains a large quantity 
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of the sweet nonrisliing sabstance. As mnch as three- 
quarters of the weight of treacle is of a nutritious cha- 
racter, and it is both wholesome and palatable when 
jadicionsly used with other kinds of food. It is nsed in 
making beer and stout. 

Cane sugar is a very important substance on account of 
its nourishing powers. It is capable of yielding to the 
structures of living animals large quantities of both 
carbon and hydrogen. Every pound of good sugar 
contains something more than six and a half ounces of 
carbon, the remaining nine and a haK ounces being made 
up of hydrogen and oxygen. The great abundance of 
carbon may be made perceptible to the eye by a simple 
experiment. If a thick solution of white sugar be placed 
in a wine glass, and a little strong oil of vitriol, or 
sulphuric add, be added to and stirred up in it by means 
of a glass rod, the whole is immediately turned into a 
thick black mass from the setting free of the oxygen and 
hydrogen, and the leaving the carbon by itself. The 
oil of vitriol destroys the sugar by taking away the 
hydrogen and oxygen from each of its molecules. The 
atoms of carbon which are thus left accordingly appear 
in the liquid, and turn it black, just as the same quantity 
of charcoal powder would do, if stirred into it. 

When cane sugar is used as food by a living animal it 
is, however, slightly changed before it is really turned to 
account, by being deprived of a minute quantity of its 
carbon, and so made a trifle less sugary or sweet. This 
change is effected in the stomach by the action of diges- 
tion. In the less condensed or less sweet form it thus 
assumes, the sugar becomes a new substance, which is 
known as grape sugar because it is found in the juice 
of ripe grapes. This form of sugar is produced, indeed, 
in the ripening of nearly all kinds of fruits, and ia th& 
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immediate cause of their sweetness. It is also mncb 
more generally present in the products of vegetable life 
than cane sugar, which is found in only a limited number 
of plants. Grape sugar, on the other hand, is found more 
or less in the juices of all plants. When grape sugar is 
taken into the bodies of living animals it is used as a 
food without needing to undergo any intermediate process 
of digestion. On account of this important difference in 
the properties of the two classes of sugars, it has been 
found convenient to distinguish them from each other by 
exact names. Cane Sug*ar is scientifically spoken of 
as sucrose. Grape sugar as glucose. There are 
about 147 grains less of carbon in one pound of grape 
sugar than there are in one pound of cane sugar. 

Honey is simply grape sugar that has been made by 
plants for the nourishment of some important parts of 
their flowers, and that has been gathered from the flowers 
by bees. In five ounces of honey four ounces are glucose, 
or grape sugar. 

It is grape sugar also that is formed in malt when 
barley is malted by the process of artificial germina- 
tion. One pound of grape sugar can be extracted from 
five pounds of malt. 
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LESSON 

EDIBLE FRUITS. 

DEBIYATIONS. 

Peculiarity. — Belonging especially to. 
Suspended. — Hung up. 

Volatile. — Flying off into vapour. 

In all kinds of ripe fruit the grape sugar which confers 
upon them their sweetness is made by the living plant as 
nourishment for itself. When a ripe fruit is plucked 
from the tree and eaten by human beings, the food in- 
tended for the perfection of the seed is diverted from 
the purpose for which it was designed by the plant, and 
made serviceable to men, exactly as happens in the case 
of the corn-grains that are harvested, and ground to be 
converted into flour and bread. 

The grape sugar manufactured in ripening fruit is 
mingled with some other ingredients that are of scarcely 
inferior importance, because, taken together with it, they 
render the fruit to a certain extent nutritious to animals. 

There is in all ripe fruits a small quantity of a gluten- 
like substance dissolved in the juice; and there is also 
another somewhat similarly built-up substance termed 
pectose, which possesses the curious peculiarity of being 
turned into a kind of jelly, alike by artificial heat when 
the fruit is cooked, and by the natural heat of the sun 
when the fruit is ripened upon the tree. One of the most 
useful of English fruits, the apple, is a good illustra- 
tion of these properties of all kinds of edible fruits. By 
feur the larger part of the weight of an apple is composed 
simply of water. In this, grape sugar, peetoeib «xA ^<& 



96 FOOD, 0OOEIK6, AND DRINK. 

gluten-like compound are dissolved; and the solution, 
mingled with a peculiar acid production upon which the 
sharpness of the fruit depends, is then packed away in 
the pulp, or flesh, in little intermeshed chambers formed 
of thin plates of vegetable texture. In ripe apples there 
are more than 13 ounces of water in every pound ; and 
about 430 grains, or nearly 1 ounce of the sugar, pectose 
and gluten, or the substances capable of being turned to 
account as food. The peculiar acid (which in the case of 
the apple is called malic,) amounts to 70 grains in the 
pound, and the thin plates of firm structure provided 
to give substance to the whole, to 224 grains. The pips, 
or young seeds, are stored away in the midst of the fleshy 
substance of the fruit in little cavities. 

The various other fruits which are ripened in England, 
all contain similar ingredients to the apple. The only 
difiference is that the more juicy fruits have smaller 
quantities of the jelly-like pectose, and of the compact 
flesh. It is the proportionally large quantity of those 
substances in the apple that constitutes its superior firm- 
ness and durability. On accoimt of this quality, and of 
its dryness, the apple can be preserved a long time, 
especially if gathered before it is quite ripe, so that the 
pectose is left to be converted into soft jelly by keeping, 
or the art of cooking. The more juicy fruits cannot be 
preserved in this way, but decay almost as soon as they 
are thoroughly ripe. 

The most esteemed of the fruits grown in England are 
the strawberry, raspberry, gooseberry, currants black, 
red, and white, the cherry, plum in many varieties, peach, 
nectarine, apricot, mulberry, apple, pear, and grape. The 
difference of flavour in these, and in all fruits, depends 
upon the formation by the plant of a delicately elaborated 
ingredient, which is termed essential oil. This is a 
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thin oil-like liquid, whicli is packed away in little 
membranous bags or sacs, suspended in the pulpy flesh, 
or in the skin of the fruit, and which is of so volatile a 
nature that it can be entirely evaporated by heat. If a 
piece of paper be stained by a fixed oil, the greasy spot 
remains, however much the paper may be warmed. But 
if a stain be made upon paper by an essential oil, it can 
be quite driven away by heating it before the fire. All 
the essences which have strong flavour and fragrance, 
such, for instance, as peppermint, carraway, lemon, and 
the rest, are of this volatile nature. They are all pro- 
cured by distillation from the vegetable textures in 
which they have been primarily stored. The molecules 
of these essential oils are all made of varying quantities 
of the four principal elementary atoms of organized 
structure, imited with very minute quantities of some 
other ingredients which determine their flavour and 
odour. The almost endless diversity of fruits depends 
upon the enormous variety in which these flavouring 
substances are fabricated by nature. 

There are many fruits which can be grown to perfec- 
tion only in warmer countries, but which, nevertheless, can 
be brought to England in a good state. The chief of 
these is the orang^e. The success with which it is im- 
ported is mainly due to its being gathered and packed for 
transport before it is quite ripe. The juice of the orange 
contains about 10 per cent, of grape sugar, mingled with 
small quantities of pectose, gluten, essential oil, and 
citric acid. Some of the imported fruits are preserved 
simply by the large quantities of sugar which they con- 
tain. The ripe fruit is dried by the evaporation of the 
more watery part of its juice, until the sugar has become 
thick, and encrusted into a mass. Raisins, sultaiias, 
and currants are all grapes dried in the buu«2sA^ 
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after they have been gathered as ripe fruit. Baisins are 
SO called from tiie Latin word racemus, a bnnch of 
grapes. Soltanai} liave no Beed stones. Currants were 
once called Corinths, becanse they were first brought 

from the port of Corinth. All French plums, dates, 

and flg^ are dried sugary fruit. Dates and figs con- 
tain as much as eight and nine ounces of grape sugar in 
the pound. All such sweet, dried fruits possess in an 
eminent degree the nutritious character of the grape 
sugar which is so abimdant in their constitution. Large 
quantities of all these dried fruits are brought from the 
southern countries of Europe. 

Ifuts, which are fruits of another character, have the 
nourishing substance deposited round the seed, in li firm 
and dry state. A large part of that substance is a 
glutinous or nitrogen-containing principle, which, in 
the case of the nut, is called vegetable albumen, on ac- 
count of its very close resemblance to hard-boiled white 
of egg. The albumen of vegetable seeds is, indeed, bo 
very nearly of the same nature as hard-boiled white of 
egg, that the chemist can scarcely find any difference in 
the composition of the two. In most of the nuts, how- 
ever, this albumen has a large quantity of fixed oil mixed 
up with it, which can be squeezed out by strong pres- 
sure. Almond oil made from almonds is of this 
character. The colza oil, made from rape seed, which 
is burned in lamps, is all pressed out from the albuminous 
substance of the seed. The common walnut is a very 
good illustration of this peculiarity of composition. One 
pound of walnuts contains two ounces of albumen, and 
five ounces of oil. This nut is grown in France and 
Switzerland for the production of oil. 

All the plants which yield food-substances that are of 
talne to man resemble each other in one very notaUe 
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characteristic. They are all improved in their capabilities 
of production by continued cultivation, and they all 
mature a very great variety of their own particular kind 
of food-substance when cultivated with care and skill. A 
very remarkable illustration of the truth of this statement 
was afforded in the early history of the potato. The 
potatoes which were at first grown in the British Islands 
were of such an inferior quality that no store was set by 
them. The cultivation of the plant was on this account 
confined to gardens for a century and a half after its 
introduction into England. It was not made the object 
of field or farm cultivation in Scotland until the year 
1732. Now there are almost endless varieties, which 
have been raised from seed. 

The way in which fruits are improved by cultivation is 
also well illustrated, when the wild crab, which is the 
only English native representative of the apple, is com- 
pared with the Eibston pippin ; or when the wood-straw- 
berry is compared with the fruit which is now sold by 
market gardeners under the name of The British Queen. 
The immense diversity of fruit that can be produced by 
the ingenuity and skill of the gardener is instanced in 
the case of every kind which, like the apple, pear, and 
strawberry, has a high place in general estimation. 
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LESSON XXI. 

ANIMAL FOOD-SUBSTANCES— MEAT. 

DERIVATIONS. 

Subordinate. — Inferior in position. 

Beef. — Fr, boeuf. Lat, bos, ox, bovine. 

Veal. — Fr, veau. Lat vitulus, a calf. 

])[utton. — Fr, mouton. Lamb is derived from an Ang. Sax. word. 

Pork. — Fr. pore. Lat, porous, a pig. 

Living plants build up the complex substances that are 
required for the construction of the bodies of animals. 
The substances thus prepared in the textures of the living 
plant constitute veg^etable food. When this vegetable 
food is consumed by animals it is rearranged and redistri- 
buted into the different structures of their bodies. Still it 
is in those new forms essentially the same substance, and 
therefore capable of being used as -food over again. Con- 
sequently numerous flesh-feeding, or carnivorous animals, 
such as lions and tigers, get all the nourishment of their 
bodies out of the bodies of the weaker vegetable-feeding 
animals, which they catch and devour. The carnivorous 
animals then, do, with their vegetable-fed prey, precisely 
what man docs with the grain-substances he feeds upon. 
They take that which has been provided for the support 
of the living operations of other bodies and appropriate it 
to their own use as food. 

Human beings, in some degree, follow the example of 

these flesh-feeding animals. In doing so, however, they 

again adopt the plan of increasing, by skill and care, the 

numbers and varieties of the creatures best suited to 

furnish them with this kind of animal food. They breed 
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them npon farms, and nourish them with vegetable crops 
grown for the purpose upon cultivated ground. In the 
earlier periods of human history, men nsed to hunt down 
the animals they employed as food, very much as the lions 
and tigers hunt their prey ; and it was only after a time 
that they learned the better plan of keeping them for use, 
and feeding them upon enclosed pastures and cultivated 
crops. "When they had once entered upon this course, 
they soon made the further discovery that they can 
improve the breeds of food-animals by this artificial care, 
just as they can obtain improved kinds of vegetable foods 
and fruits by skilful cultivation. 

The animals which are bred and fed artificially by 
man for increasing his supplies of food are principally 
the ox, the sheep, and the pig. The food which is 
famished by them, beef, veal, mutton, lamb, and 
pork, goes by the general name of butchers* meat. 

In all these varieties of meat there is a mingling to^ 
gether of the two different kinds of food-substances that 
are previously built up by the plants, namely, of the more 
complex nitrogen-containing compounds with the more 
simple amyloids, which are destitute of nitrogen, and in 
that sense are of the nature of sugar and starcL But 
meat is at once distinguished from the vegetable food-sub- 
stances out of which it is formed, by the fact that in it 
the nitrogenized or plastic compounds are in much greater 
abundance than they are in vegetable food. The animal 
foods are more plastic and more flesTi-forming, or structure- 
supporting, than the vegetable. This is only what is to 
be expected when it is borne in mind that meat is in 
reality already flesh. When an animal feeds upon meat 
it merely transforms the already formed flesh of another 
body into its own. 

In meat, the plastic or nitrogen-contaiimig QCfOLY^'^QCB^ 
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originally extracted out of the grass of the pasture are 
found in three distinct conditions, or forms, which are 
nevertheless alike in being all nearly allied in their 
nature to the glnten of vegetable grain. But a diversity 
in certain subordinate characters makes it neverthelesB 
convenient to distinguish each different form by a separate 
name. In point of fact they are each gluten which has 
been slightly altered within the animal body by some 
additional fashioning process, in order to fit each for the 
accomplishment of some particular service or work. 

The first to be noticed of the nitrogenized compounds 
contained in meat is a substance that is entirely insoluble 
in water. If some shreds of raw beef are washed again 
and again in water, they are turned at last into the 
condition of pale stringy fibres, or threads, which have 
lost all their colour. This part of meat is not soluble, 
even in boiling water. It is called fibrin, on account 
of the fibrous stringy form in which it exists when 
separate from other ingredients. 

If the water, which has been used to wash the fibrous 
part of bee^ be heated to nearly the boiling point, viz. 212° 
F., it is found that a white substance is deposited from 
it in flakes. This substance appears to be of precisely 
the same nature as white of egg, which is made solid in 
the same way by the heat of boiling water. It is on this 
account called albumen, which is the proper name for 
white of egg. The essential property of this form of 
nitrogenous compound, therefore, is that it is soluble in 
cold, but not at all in very hot, water. 

The third form of nitrogenous substance in meat also 

remains in the water after the fibrin has been remoyed ; 

and it may be procured from it in the condition of a firm 

jelly, if the quantity of the water be diminished by long 

boiling, and if the liquid be then allowed to become cold. 
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This subsianoe, therefore, is distinguislied by being 
soluble in hot water, q^pd not soluble in cold ; and it is 
called gelatin, from the jelly-like appearance which it 
assumes when procured separate from the other ingre- 
dients of the meat. It is the firm part of all jellies. 
The gelatin sold in the shops, and the substance fami- 
liarly known as isinglass are preparations of this com- 
pound artificially extracted from various animal substances. 

In mutton and beef these several ingredients are so 
proportioned to each other, that one pound of either con- 
tains about 420 grains, or nearly one ounce, of fibrin, and 
120 grains, or a little more than a quarter of an ounce, of 
ftlbumen. The gelatin contained in lean meat rarely 
amounts to half the quantity of albumen ; and on this 
account jellies are prepared from the tough and sinewy 
parts of animal structures, and even from gristle and 
bone, which all contain much larger quantities of gelatin 
than the more fleshy portions. The actually nourishing 
part of beef and mutton — that is, the portion of the 
meat capable of being converted into the living structure 
of other animal bodies — probably does not often exceed 
two ounces in the pound. Something more than seven 
ounces of the rest of that weight is made up of water. 
Uncooked meat is so full of moisture, or juice, that very 
iiearly half its weight is due to water. The juice of the 
meat contains the albumen, which is soluble in cold water, 
and a small quantity of other nourishing compounds that 
are soluble in the same way, and more or less allied to it. 
The flesh of animals that are not fully grown and mature, 
such as veal and lamb, contains generally as much as 
two ounces more water in the pound. It has also a con- 
siderably larger quantity of gelatin, and proportionally 
less fibrin, than older meat. 

The unnitrogenized food-substances contained in. isy^i^ 
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whicli are the representatives of the sugar and starch of 
the vegetable substances from which meat is formed, are all 
fomid in the condition of fat. Fat is simply oil made by 
the farther condensation and more rich carbonization of 
sugar and starch, and by some admixture of a thickening 
substance which converts it into a kind of pulpy material 
more convenient for storing away. This thickened oil, 
or fat, is deposited in a series of small sacs or bladders, 
constructed of membrane for the purpose. Each molecule 
of fat is formed of atoms of carbon and hydrogen, worked 
up with much smaller quantities of oxygen than are con- 
tained in sugar or starch. Fat is for this reason much 
more heating, or warmth-giving, when consumed in the 
animal body, than sugar or starch. It is, as everyone 
knows, of so combustible a character that it will bum 
with a bright hot flame when set light to. 

The quantity of the unnitrogenized food-substance, or 
fat, that is contained in meat, varies considerably in the 
different kinds. But there should be at least six ounces 
of fat to the poimd of meat that is used for food. 

Beef is the most nourishing of the three principal 
kinds of butchers' meat, and contains the largest quantity 
of firm flesh-forming substance. It is the best meat for 
hard-working people, but not the easiest to digest. 
Mutton is less nourishing but more easily digestible 
than beef. On this account it is altogether the more 
wholesome of the two. But it has the economical dis- 
advantage that it loses more weight in cooking than beef^ 
because it is less firm and fibrous, and because it contains 
more fat. 

Pork is the meat which is most used by human beings, 
after mutton and bee£ The value of the pig as a food- 
animal is chiefly dependent upon its ability to form its 
own substance out of all kinds of waste materials, and the 
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readiness with whicli it fattens. Pork generally contains 
very much less fibrin and albumen than mutton and beef, 
and very much more fat. One-half of the weight of pork 
is commonly due to fat ; and considerably more than this 
when the pig has been fed for the production of bacon. 
Bacon not unfrequently contains as much as three-fourths 
of its weight of fat. Although pigs will eat nearly all 
kinds of otherwise waste substances and fatten upon them, 
they must have been fed upon better food, such as milk, 
peas, beans, potatoes, and barleymeal and oatmeal, for the 
pork to be of the best quality. Pork is both less 
digestible, and less nourishing, than either mutton or 
beef ; and so is veal, which is nevertheless sold for a 
higher price. Lamb, in the same way, is less nourishing 
and more expensive than mutton. 

The quality of meat has a great deal to do with its 
value as food. It is hence of consequence to know what 
appearance and condition flesh -foods should present. 
This is best learnt by observation and experience; but, 
in anticipation of these, it should be understood that good 
heef 18 of a full red colour in the flesh, and slightly 
yellowish in the fat, which should be mingled in or 
marhled with the flesh. The flesh should also be firm 
and plastic so that it rises up quickly again after being 
pressed by the fingers. Soft, flabby beef is always of 
doubtful quality. Mutton should he bright-coloured, fine- 
grained, and tender to the touch, with firm white fat. 
Pork should have a thin rind which feels cool to the 
touch, firm flesh, and fat free from kernels. 
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LESSON XXII. 

POULTRY, FISH, AND PRESERVED MEAT. 

DBBIYATIONS. 

Pheasant. — Fr. faisan. Lat Phasiana, from the River Phasis, 

in Colchis, where the birds abounded. 
Partridge.— i^r. perdrix. Lat. and Or. perdiz. 
Duck. — So called because it ducks or dives. 
Turkey. — So named because it was erroneously thought to have come 

from Turkey, in the first instance. 
Poultry. — Fr. poule. Lat. pullus, a chicken, 
]M[ackerel. — From the Danish word Mackreel. 

PouLTBY of various kinds kept in a domesticated state 
to be turned into food, such as fowls, ducks, geese, and 
turkeys, all yield a meat which is characterized by 
the abundance of water it contains, and by the almost 
entire absence of fat. The same, also, is the case with 
the wild animals, whether with or without wings, which 
are killed as game, such as pheasants, partridges, and 
hares. The flesh of the barn-door fowl has three-fourths 
of its weight made up of water, and contains about two 
ounces of fibrin and albumen in every poimd. Flesh of 
this kind is very delicate and nutritious, but needs to be 
eaten with some kind of food that contains the un- 
nitrogenized principles, such as sugar, starch, or fat, in 
which it is itself deficient. It will be observed that all 
the food-animals of this class are themselves nourished 
either upon grains or grass. The fitness of game to be 
eaten without any injurious result, when it is some- 
what advanced towards decomposition, is generally con- 
sidered to be due to the absence of fat. The flesh of 
poultry and game is, upon the whole, more delicate and 



POULTBY, VISE, AND PRBSEBYED MEAT. 107 

more easy of digestion than butchers' meat, but is more 
costly. , 

Fish, contains essentially the same kind of ingre- 
dients as butchers' meat. There is a considerable quan- 
tity of albumen and fibrin, and in some instances, of 
gelatin also, in it ; and fat is represented by more or less 
abundant stores of oil. Mackerel often yield two ounces 
of nitrogenized food-substance, and two ounces of oil in 
every pound. Eels, salmon, and herrings are all oily 
fish. Whiting is the least oily kind that is used as 
food. Flounders, plaice, soles, cod, and turbot stand next 
to the whiting in this particular. The least oily kinds 
are the most wholesome and nourishing, but all varieties 
of fish contain such an abundance of nitrogenized 
substance that they need to be eaten with the addition of 
some kind of unnitrogenized food. 

Shell fish also furnish a great deal of nourishment, 
owing to the large quantity of nitrogenized substance that 
is present in their flesh ; but some of them, as lobsters 
and crabs, are by no means choice in their own habits of 
feeding, and are apt, therefore, at times to furnish un- 
wholesome food for human beings. The oyster is eaten 
raw, because much of it is converted into a tough and not 
easily digested substance by cooking. Eaw oysters con- 
tain more than two ounces of nitrogenized food, and 
nearly thirteen ounces of water, in every pound of their 
flesh. Shrimps and prawns are of a sinnlar character to 
the lobster. 

Various plans for preserving meat from the rapid 
decomposition to which it is prone, so that it may be 
kept for some time in store, or be transported for long 
distances, have been adopted from time to tima The 
oldest and best known method consists simply of drying 
the flesh by heat, and exposing it at the same tdxui^ V^ ^<^ 
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smoke of buming wood. The drying drives off the 
abimdant moisture, of the natural juices of the meat, 
that favours the molecular changes upon which de- 
composition depends. The influence of wood-smoke is 
due to there being present in it a peculiar substance, 
known under the name either of creosote* or carbolic acid, 
which has the property of arresting the decomposition of 
complex bodies containing nitrogen. Various kinds of 
fish, such as the salmon, haddock, and herring, are very 
effectually preserved by this simple process, and retain 
their nourishing qualities. There are as much as four- 
teen ounces and a half of fibrin, and one ounce and a half 
of oil, in each poimd of dried haddocks and herrings. 

When fresh raw meat is soaked for some time in strong 
solutions of salt, or pickled, as it is termed, the fibre of 
the meat is hardened and dried by the power which the 
salt has of drawing the moisture of the fiesh away from 
it. Meat which is hardened in this way is found less 
prone to the loosening of its molecules, which is the first 
step towards decomposition. Bacon and hams are pre- 
served by a combination of the salting and smoking 
processes. They are first soaked in brine, and after- 
wards smoked in the fumes of buming sawdust or wood. 
The substance of the meat is, in consequence, materially 
changed. It is deprived of a considerable part of its 
moisture, and at the same time the fat is rendered more 
easy of digestion, and more suitable to be used as food. 
In well-prepared bacon there are not more than three 
ounces and a half of water to the pound. But there are 
more than ten ounces of fat ; and each poimd is con- 
sidered to yield very nearly one oimce of nitrogenized 
food. 

The great economical value of this method of preserving 

* CreoBote; from two Greek words which mean flesh-preflerra- 
tire. 
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meat will be at once understood from the statement 
that in the year 1875 more than 130,000 tons of bacon 
and hams were brought into England from beyond the 
sea for consumption as food. As there are 2240 lb. in a 
ton, this means rather more than 9 lb. each for every 
man, woman, and child in Great Britain. 

In the case of the preserved meats which are sent from 
America and Australia, an entirely different principle is 
brought into play. The method in those instances is 
to drive away all air and some of the moisture from 
the meat, and then to seal it up in tin boxes, so that no 
fresh supply of air can get to it until it is about to be 
consumed. The efficacy of this method depends upon 
the fact that, in all cases of decomposition and decay, it is 
the restless and ever-corroding oxygen of the air which 
causes and keeps up the destructive change. Atoms of the 
oxygen seize upon atoms of the combustible part of the 
meat and carry them off, just as they seize upon the atoms 
of the charcoal when it is made red with heat, and the 
loosening of the molecules of the meat is due to this 
decomposing interference of the oxygen. In order to 
exclude the air the meat is first packed into tin boxes, in 
which only a very small hole is left These boxes are 
placed in a bath of strong solution of chloride of lime 
reaching nearly to their tops. The solution is then made 
to boil by a fire beneath ; but it does not do this, on 
account of the salt which it contains, until it is some 
considerable degree hotter than boiling water. All the 
air is thus driven out from the insides of the cases by the 
rush of steam, and the small hole of each is instanta- 
neously soldered up, so that no more air can get in. If 
the top of an Australian meat-tin is examined it will 
be found that it is a little concave or bent in. This is 
caused by the external pressure of the atmosphere. 

The AxLBtralian meats prepared in this ^ay \ka2^e 
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their nonrisliing principles preserved in them. The chief 
disadvantage which belongs to them appears to be that 
they are in some measure over-cooked from the great 
heat used in their preparation. On this accomit they are 
not altogether convenient or suitable for cooking a second 
time. They may, however, be made very palatable and 
useful by the exercise of a little skill, and they ought to 
be considered welcome additions to the food-stores of a 
densely populated land like England, 
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LESSON xxin. 

MILK, BUTTER, CHEESE, AND EGGS. 

DBBIYATIONS. 

AcUiesive. — Sticky, adhering to. 

Viscid. — Glutinous, sticky. Lat. viscidus, sticky like glue. 

Glairy. — Thick and sticky, like white of egg, Fr. glair e, white 

of egg. 
Investment. — ^A covering, or garment. Lat, vestis, a garment. 
Mucilage. — Slimy liquid. Lat mucus. 

Part I. 

Bbfobb joniig animals are able to eat solid food, they are 
nourished entirely upon milk, which is provided for 
them by their mothers. It hence follows that all the 
ingredients which are necessary to constitute a perfect 
food must be present in milk. Milk is nature's own 
pattern of the composition of food, at least so far as the 
need of very young animals is concerned. 

Human beings when they have passed the years of 
early childhood still make very free with cows' milk 
just as they do with ox flesh, and they keep large numbers 
of cows to famish them with daily supplies of this nour- 
ishing food. The milk-supply has also a notable advan- 
tage over that of beef, for the same animal, if well fed and 
cared for, can go on yielding milk for considerable periods 
of time, whereas the meat-supply furnished by one animal 
of necessity ends when it is killed. 

As milk is the pattern-food prepared by nature itself, 
it has in it both a plastic or nitrogen-containing sub- 
stance, and a starch-like compound which is destitute 
of nitrogen. In milk, however, both these neooeaucx^M 
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ingredients are suspended in water in the form of what 
is termed '* an emulsion?' This means a liquid in which 
matters that are not actually soluble themselves are kept 
misled up with the water by the help of some thick ot 
mucilaginous substance. 

A pint of milk, therefore, is considerably heavier than a 
pint of water, on account of the solid substances sus- 
pended in it, and weighs nearly 21 ounces. Of these 
about 17f ounces are water ; 370 grains, or nearly one 
ounce^ nitrogenous or plastic substance; 333 grains, or 
about three-quarters of an ounce, unnitrogenized sub- 
stance, or oil ; and a little more than one ounce is sugar, 
which is dissolved in the water, and in this instance is 
called lactose. Lactose is the name given to the sugar 
of milk, which is of a nature very nearly resembling 
glucose, or the sugar of grape. It is the lactose of milk 
that confers upon it its pleasant sweet taste. 

"When fresh cows' milk is allowed to stand quietly in" 
broad pans, there soon spreads all over its surface a layer 
of cream, a substance which is of a thicker consistence 
than the milk itself. This covering over of the surface 
with cream is due to the rising up from the milk of a 
vast number of little particles previously diffused through 
it, which are the cause of its " milkiness," or thick white- 
ness. These particles rise to the surface, instead of 
sinking to the bottom, because they are lighter than the 
rest of the milk. They float upon it as corks float upon 
water, and are in reality little globules of fat, or oil, con- 
tained in thin, bladder-like films of albuminous membrane. 
Cream is therefore the oil of milk. 

When cream at a temperature of about 60° of Fahren- 
heit's scale — that is, at a temperature at which the air 
feels pleasantly warm to the skin — is kept moving round 
ID a cbum, tho oHj part soon collects, in consequence of 
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the breaking up of the filmy coats of the globules, into a 
kind of adhesive mass, or lump, which is called butter. 
Butter is simply the oil, or fat, of milk collected together 
into a lump. Twenty-three pints of milk should yield 
sufficient cream to furnish one pound of butter. 

The milk, which remains when the cream has been 
taken away from its surface, is called skim milk. It 
is milk which has been deprived of the greater part of 
its oil. 

If milk be fallowed to stand freely exposed to the air 
it sooner or later becomes slightly sour, apd separates of 
its own accord into two parts — a firm white flaky deposit, 
and a thin greenish-white liquid. The flaky deposit is 
called curd, and the thin liquid whey. The whey is 
principally a solution of the milk-sugar, or lactose, and of 
minute quantities of less important soluble matters. The 
card holds nearly the whole of the oil-globules, or butter ; 
but it contains something besides of a firmer consistence, 
which imprisons those globules. The firmer and denser 
part of the curd is the nitrogen-containing substance of 
the milk, which has a name of its own, although in com- 
position it is very like indeed to gluten, or albumen. It 

is called caseine. 

But the caseine of milk can be separated from it in 
another way, and is so separated from it to make cheese. 
The liquid is not left to grow sour of its own accord ; 
but there is added to the still fresh, milk an acid, 
procured by placing a piece of the stomach of a calf in 
water. This is called rennet. A very small quantity 
of rennet is enough to throw down the curd from a large 
quantity of milk. The curd, which has been separated in 
this way, is dried and pressed until it forms the more or 
less firm substance known as cheese. Cheese is merely 
the nitrogen-containing, plastic portion of milk se^extt^ 
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from its other ingredients. The name caseine, which 
is given to the firmer part of this curd, is derived from 
caseum, the Latin for cheese. 



Part II. 

But when these particnlar ingredients of milk, the 
butter and the cheese, are taken out from the liquid by 
the processes just described, the separation of the two 
different kinds of substance is not complete. There is 
always a little of the caseine and some of the lactose or 
sugar mingled with the butter; commonly about 70 grains 
of ca&eine, and about 20 grains of sugar, in every pound 
of batter. On the other hand, large quantities of 
butter are entangled in the curd of cheese. In the best 
kinds of cheese there are four ounces of oil, or butter, as 
well as four ounces of caseine in each poimd. The exact 
proportion, however, differs materially in different kinds, 
because different processes of manufacture are used in dif- 
ferent places. Thus, in some kinds of cheese, the entire 
milk, with all the cream in it, is employed; in other kinds, 
only the milk from which the chief part of the cream has 
been skimmed away. And in yet others, further quantitiee 
of cream are added to the milk. 

Stilton cheese, which is a highly esteemed kind, of 
English make, is formed from the entire natural ingre- 
dients of a good quality of milk. Cheddar cheese has 

rather less oil in its composition. Cheshire and Glou- 
cester cheeses have less oil again. The Amerioan 
cheeses have less than the Cheshire and Gloucester.; and 
the Dutch cheese is made from milk as far as possible de- 
prived of its cream. Cream cheese, which in some 
plaoea ia made wholly of cream and in others of milk with 
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an additional quantity of cream, is allowed to retain a 
considerable proportion of water, because it is intended to 
be eaten new, instead of to be preserved, as the drier and 
firmer cheeses are. Whole milk cheeses are considered to 
contain about equal quantities of oil, caseine, and water ; 
whilst skim milk cheeses contain less oil and more water. 
Cheese, however, of whatever quality, is a very plastic, 
nutritious, and condensed form of food, and, unless when 
soft and new, not easily dissolved or digested in the 
stomacL It should, consequently, be used in small quan- 
tities, and mixed with a considerable amount of bread, 
rice, or some other kind of farinaceous food. It is gene- 
rally considered that one pound of good cheese can yield, or 
build up, as much s,s Jive ounces of animal flesh. 

One pound of cheese contains about five ounces of water ; 
one poimd of butter, on the other hand, as much as four- 
teen ounces of oil, or milk-fat, and scarcely more than 
one ounce and a half of water. Butter is a very valuable 
article of food, on account of the readiness with which it 
is digested and received into the system, and of the great 
warming power it possesses. One pound of good huUer 
has more warmth-sustaining power than two pounds of 
starch. Its flesh-forming powers, on the other hand, are 
comparatively small, and on this account it requires 
to be used in connection with nitrogen-containing sub- 
stances. 

One pint of new milk yields 546 grains of carbon and 
43 grains of nitrogen ; one pint of skim milk 437 grains 
of carbon and 43 grains of nitrogen. Seven pints of new 
milk per day would yield as much nitrogen as a full- 
grown man requires, but would not give more than two- 
thirds of the necessary carbon. 

"Eggs take the same place amidst animal food-sub- 
stances that seeds hold among plants* They «cq ^tfssm^ 
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of perfected nourishment packed round the germ of s 
new creature, in order that it may be duly fed in the 
early and helpless period of its growth. In the seed such 
stores are deposited in a dry, condensed state within the 
husks, or outer coverings of the grain. In the egg they 
are placed in a soft and moist state within ihe hard, brittle 
case, which is known under the name of the shell. 

The egg in most common use is that which is fur- 
nished by the barn-door fowl. It consists, as do all eggs^ 
of two parts — a deep yellow, and nearly opaque ball of 
thick, viscid substance floated in the midst of a trans- 
parent, much paler yellow, glairy liquid. The inner 
yellow ball is called the yolk, and the outer glairy 
investment the "wbite of the egg. The latter portion 
is termed the white, because it becomes firm and of 
a milk-like whiteness, when heated in boiling water. 
Another name by which the white portion is known is 
albumen ; that word being derived from album, the 
Latin term for white. The yolk of the egg seems to 
float loosely within the white ; but it is really sus- 
pended, or hung, in its position there by a couple of 
cords which stretch out from either end of it to the shelL 
The yolk of the egg also becomes somewhat hard on 
being boiled ; but much less so than the albumen. When 
boiled to its hardest, it is still a comparatively soft or 
pasty substance, much more easily broken up than the 
white. 

The average weight of a hen's egg is about one ounce 
and three-quarters. Of this weight, 75 grains belong to 
the shell, and to a delicate film, or membrane, by which 
it is lined. Four hundred and fifty grains belong to the 
white, and a little more than 200 to the yolk. Both the 
yolk and the white have a large quantity of nitrogen- 
containing substance in them. 
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The amount of albumen in the white is 90 grains. In 
the yolk the albumen is mixed with caseine, and the two 
amount to 112 grains. In the white there are also about 
15 grains of oil, or fat; whilst in the yolk, the oil 
amounts to 225 grains. 

The water of tlie white, on the other hand, is 640 grains, 
whilst of the yolk it is about 380. If the white and the 
yolk of an egg be taken together, one pound of the mixed 
substance contains eleven ounces of water ; two ounces and 
a quarter of albumen and caseine, or of flesh-forming 
material ; and one ounce and a quarter of oil, or of heat- 
ing material. Eggs are consequently very nutritious 
articles of food. 

One pound of egg is capable of building up something 
more than two ounces of flesh ; and is about equal in 
nourishing power to the same weight of butchers' meat. 
It is generally considered that eighteen average-sized 
hen's eggs contain enough food of all kinds for a full- 
grown man for a day. 

In considering these numbers, it is well to bear in 
mind that there are 7000 grains in a pound avoirdupois, 
and, therefore, 437^ grains in an ounce. 
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LESSON 

MINERAL, OR INCOMBUSTIBLE FOOD-SUBSTANCES 

AND CONDIMENTS. 

DEBIYATIONS. 

Combustible. — ^That will bum. Lat comburo, to burn. 
Corrosive. — Gnawing, eating away. Lat corrSdo, to gnaw to 

pieces. 
Ingredients. — Component parts. 
Energetic. —Forcible. 
Putrefy. — ^To rot. Lat, putr§fio, to be corrupted. 

The complex food-substances which are prepared or bfdlt 
up by the plant are all of a combustible nature — that is, 
they are all capable of being burned by the corrosiye 
influence of oxygen, exactly as a mass of black coal is 
burned in the fire. But those containing nitrogen, before 
they are burned, first form part of the actual substance of 
the animal body which feeds upon them, whilst the simple 
compounds that are destitute of nitrogen are burned st 
once without having to fill the intermediate constmctiye 

oface. The nitrogen-containing substances, 

in order to enable them to play their double part, are 
often so complex that they contain five different kinds of 
elements, and as many as several hundreds of atoms of the 
different kinds, in each of their molecules, whilst the tin- 
nitrogenized compounds rarely contain as many 
as iwenty-one atoms in each molecule. The immediate 
consequence, however, of the complexity of the flesh- 
forming substances, and of the presence of nitrogen in 
^hem^ is^ that they are all mutable in their composi- 
tiOD, or prone to change. Tlie o^^erations both of growth 
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and life, of destruction and decay, are fiEiyoured by this 
pecnliarity. 

In addition to these combustible substances, certain 
other ingredients are used in the fabrication of the 
textures of the living body, which are incombustible, or 
unable to be burned ,because they are already combined 
with as much oxygen as they can unite with. These in- 
combustible substances are used only in very minute 
quantities. Small traces of the different kinds are 
mingled in with the carbon and three principal gaseous 
ingredients, a little of one here and of another there, to 
form certain structures of the human frame. Thus lime, 

magnesia, and fluorine, with phosphoric and 

carbonic acids, are mixed with gelatin to constitute 
bone and gristle. About ten pounds out of the weight 
of a body of 254 pounds are due to its mineral and in- 
combustible ingredients. 

But next to lime and its salts, which are thus used to 
give hardness and firmness to the bony skeleton, the most 
important mineral ingredient is one which is an exception 
to all the rest upon two grounds. It does not occur in 
vegetable structures, and it is not combined with oxy- 
gen, although a compound body. This exceptional 
mineral substance has therefore to be added to food 
in a distinct and independent way. It is familiarly 
known as salt. There are always about seven ounces, 
or nearly half a pound, of this mineral ingredient in a 
full-grown human body. It is used, amongst other 
things, to form the red-colouring matter of the blood, the 
fibres of the flesh, the digestive juice of the stomach, and 
the bile. Salt is not acted upon by the corrosive power 
of oxygen, because it is already combined with another 
gas called chlorine, which plays a similar, although a 
subordinate part, to oxygen. 
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Salt is contained in small quantities in some kinds of 
animal, though it is not found in vegetable, food. Alto- 
gether from a quarter to half an ounce of salt in the day 
is required by an adult human being. As so much as 
this cannot be furnished in ordinary kinds of foods, salt 
is the only mineral ingredient that is taken by itself. 
It is, indeed, properly a food, as it is necessary for the 
building up and decomposing processes of vital action. 
In this sense therefore it takes rank as the one mineral 

food. 

The mineral ingredients which take the place of salt 
in vegetable structures are potash, and soda. Of these 
there are about four ounces in a human body. Iron also 
occurs in the blood in minute quantities. Of the whole 
of these incombustible mineral ingredients the same thing 
has to be said. They all aid in the construction of the 
combustible substances, and in the changes which occur 
when those combustible substances are burned and de- 
stroyed. It will be remembered that there are eleven 
distinct elements of a subordinate character in 
organized structures beside the four primary ones^ 
carbon, hydrogen, nitrogen, and oxygen. Of the eleyeUy 
chlorine is a gaseous body, at ordinary temperatures, 
like oxygen, and is of a somewhat analogous cbazacter 
in its strong although somewhat less energetic tendency 
to combine with other elements, and even in its ability 
to produce light and heat as it combines with them. 
Thus salt, or chloride of sodium, is a combination of 
chlorine and sodium, as soda is of oxygen and sodium. 
Fluorine, which is found in the bones and teeth of 
animals, is probably somewhat allied to chlorine in its 
nature, but it has never yet been procured for examina- 
tion in a pure and uncombined state. Silicon is the 
hardening ingredient of flint, and is used in the oonstrno- 
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tion of the outer skin of manj kinds of plants. Phos- 
phorus and sulphur are soft solids that bum in their 
elementary state, but that cease to be combustible when 
they have combined with as much oxygen as they can retain. 
They are used with lime and magnesia in the formation of 
the earthy portion of animal bones. Sodium and potassium 
are metallic elements which are transformed into the well- 
known substances soda and potash, when united with 
oxygen, and which, in that state, are used as ingredients 
of a considerable number of organic products. Calcium 
and magnesium are both metals, which become lime 
and potash when combined with oxygen. The metal 
iron is contained in minute quantities in nearly all the 
structures of the animal frame, and especially in the 
red corpuscles of the blood, of which it is a very impor- 
tant ingredient. The metals, manganese and copper, are 
also present in the blood and brain, but in still more 
minute proportions. 

The mineral ingredients of the food which are incom- 
bustible, are all easily procured apart from the more 
volatile substances that can be burned away and converted 
into vapour. The ashes, which are left when com- 
bustible vegetable substances, such as sugar, starch, 
gluten, and wood are burned, are a mixture of the in- 
combustible ingredients that were employed in the 
building up of their structures. In the same way, the 
ashes, which remain when animal bodies have decayed 
and putrefied, are the mineral and incombustible ingre- 
dients that formed part of their textures. The putrefaction 
or decomposition of an animal body after death, as well 
as the gradual change which its structures undergo whilst 
they still remain alive, are thus only a modified and 
slow form of burning. 

The very small proportion of the subordinate^ «2^ ^ 
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incombustible ingredients that are nsed in the constroo- 
tion of animal bodies is strikingly shown in the oompara- 
tively trifling weight of ashes that remain, after all the 
combustible parts of an organized structure have been 
consumed. If twelve pounds be allowed for the lime and 
magnesia contained in the bones of a human body, not 
more than three pounds three ounces and a half of incon- 
sumable ash is left as the residue of all the other incom- 
bustible elements. 

Besides the substances that are used as food by human 
beings, various things are added to them in small quan- 
tities to communicate flavours which are agreeable to the 
taste. These subordinate additions to the food are called 
condiments ; that word being derived from the Latin 
term condimentiun, which signifies a seasoning or 
" flavour." The flavouring condiments are all formed by 
the building-up operations of vegetables, and are mostiy 
due to the presence of small quantities of essential oils, 
fabricated by the plant, and then stored away in some 
portion of its denser textures, most commonly in the 
firmer parts of the seeds. The most generally nsed of 
these condiments are mustard and pepper, which are 
the seeds of two different kinds of plants. The seasoning 
action of the entire group is very well illustrated by the 
influence of mustard. It rouses up, or stimulates, the 
membranes of the mouth and stomach to produce some- 
what increased quantities of the liquids or juices which 
are used in softening and dissolving the firmer portions 
of the food. Condiments of this class are, therefore, 
capable of being turned to good account, when used 
with judgment and care. Articles of food which are 
coarse and unpalatable in themselves, may be rendered 
agreeable to the taste, and in some instances more man- 
ageable to the digestion, by the help of seasonings and 
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flaTonrings. But, in common with all unnatural stimu- 
lants, condiments should be employed with moderation. 
Black and white pepper, cayenne pepper, horse radish, 
dried herbs (as thyme and sage), capers, and the fresh 
vegetables already alluded to, namely, garlic, shallot, and 
onion, are all seasoning substances of this class. Pickles 
also belong to the same group; being vegetables that 
have had their flavours preserved and heightened by 
the action of oondiments — of vinegar, spices, salt, and 
peppers. Like other condiments, pickles are very agree* 
able additions to certain kinds of food; but as they are not 
readily digested, they should never be taken otherwise 
than in moderate and restricted quantity. The condi- 
ments that are used with farina(5eous and sweet articles of 
food are called spices. Their action and influence are 
the same as those of the seasoning condiments. They, 
too, are stores of essential oils packed away in some of 
the dense textures of a plant. They all have flavours 
peculiar to themselves, for each different kind of plant 
makes its own flavouring substance. The best known 
of the spices are ginger, cinnamon, nutmeg, cloves, mace, 
allspice, and carraway seeds. 
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in. — ^Preparation of Food. 

LESSON XXV. 

COOKING. 

DEBIYATIONS. 

Impervious. — Not to be penetrated. Lat impervius, not 

having a way through. 
Application. — ^A laying on. 

Coagrulated. — Curdled. Lat c5ag^0, to curdle. 
Compact. — Closely pressed together. Zat, compactuSy joined to- 
gether. 

Part I. 

Thb purpose whicli is chiefly aimed at in cooking food is 
to render it more soft and soluble, so that it may be more 
easily broken up into separate molecules when placed in 
the digestive cavity of the animal body. Cooking may, 
indeed, be looked upon as the first step in the digestiTS 
process which converts solid food-substances into soft 
and half-liquid pulp. Food-substances which have been 
cooked are, when placed in the stomach, more easily 
penetrated by the liquids which are there prepared to 
complete their conversion into its textures. The word, 
to cook, is derived from the Latin term coquo, which 
signifies to soften, or seethe, by moisture and heat. 

Some considerable amount of knowledge and skill is, 
however, necessary for the successfal accomplishment of 
this purpose, because different kinds of food-substances 
are differently affected by the application of heat. The 
process of cooking, on this account, has to be modified to 
meei the circumstances of each case. The plan which 
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softens and dissolves one kind of food, very frequently 
serves only to harden other kinds, and to make them less 
soluble and digestible. In addition to this, there is a 
still farther object to be gained by cooking when it is 
judiciously performed ; that, namely, of making the food 
as palatable to the taste as possible. Well-cooked 
food is always of an agreeable flavour, besides being 
tender. Ill-cooked food is as unpalatable as it is hard 
and indigestible. • 

No better instance of this truth can be offered than 
that furnished in the case of meat. Meat consists of 
fibrin, which is not soluble in either hot or cold water ; of 
albumen, which is soluble in cold water, but hardened 
and made insoluble by heat ; of gelatin, which is soluble 
in hot water; of the natural juices of the flesh, which 
are soluble things already dissolved in natural moisture ; 
and of partially solidified oil or fat. The object of the 
various processes of cookery which are applied to meat 
is, to keep all these several ingredients in the best pos- 
sible state for digestion, and to do this in such a way 
that the naturally pleasant flavours belonging to them are 
in no way interfered with. 

•When meat is cut up into small pieces, placed in ajar, 
and kept gently heated in a saucepan of water, all the 
juice of the flesh escapes from the insoluble fibre. This 
juice contains in itself much of the nourishment of the 
meat, and if it be kept hot until nearly all the water has 
been driven off by evaporation, there remains the peculiar 
substance which is called extract of meat. This 
extract is therefore destitute of the fibrous portion, which 
is OQO of the most nourishing of the natural ingredients 
of flesh, and its value principally consists in the fact that 
it is more readily digested than the fibrous part, and is 
therefore more suitable in some forms of illnosa ntV^em^ 
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condensed and solid food cannot be as easily tamed to 
good account. 

In roasting* meat, however, the primary design is 
not to draw these nourishing juices of the meat away, but 
rather to keep them imprisoned amidst the solid fibres of 
the flesh, so that both forms of nourishment may be 
preserved and eaten. This is managed by exposing 

the meat at once to a clear, hot fire, so that an 

outer case or coat of insoluble and impervious albumen 
may be quickly formed. When this outer case has been 
thus provided by the quick application of strong heat, the 
juices are kept inside the meat. The heat may afterwards 
be continued until it has sufi&ciently penetrated through 
the substance of the joint, and the meat will then 
consist of a well^apportioned admixture of coagulated 
albumen, fibres, and natural juices. It can be cut into 
thin slices after it has been cooked in this way, because 
the coagulated albumen keeps the fleshy substance com- 
pact and firm. Meat loses considerably in weight under 
the process of roasting, because some of the fat is melted 
and drips away from it, and because some of the water of 
its juices is driven off by the heat. 

When meat is baked in an oven, it loses less weight 
than in roasting, because less of the water of the juices is 
steamed away. If a small opening be left in the door of 
the oven to allow some escape of the steam, an arrangement 
which constitutes what is called ventilating the oven, or if 
the door itself be left slightly open, meat may be so baked 
as to be scarcely known from that which is roasted before 
an open fire. When, on the other hand, meat is baked in 
an altogether closed oven, although it may be so cooked 
as to be quite tender, it acquires a taste, &om the confined 
vapours, which at once distinguishes it as having been 
baked. 
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In boilings meat, if it be at first placed for about a 

quarter of an hour in ^water ^\^liich already boils, 

an outer case of coagulated albumen is formed much in 
the same way as in roasting, so as to keep in the juices of 
the meat. If the saucepan be then drawn aside, so that 
the boiling goes on gently for a considerable time, the 
entire joint becomes tender, without loss of any material 
part of its nourishing juices. If, on the other hand, the 
meat be placed in cold water, and this be gradually heated 
until it boils, a considerable part of the nutritious juices 
is drawn out into the water and lost, although the meat 
inay still be rendered quite tender. As a general rule, the 
tenderness of boiled meat is in proportion to the length 
of time and the slowness with which the process has been 
cazried on. Tough meat is best made tender by not allow- 
ing the water to come to the boil at all, and by continu- 
ing the cooking for several hours at a more gentle heat. 



Part n. 

Stbwing is the most suitable mode of cooking for hard 
and tough meat. It is managed by placing the meat in a 
very small quantity of water, and cooking it at a com* 
paratively gentle temperature for a long time. The time, 
indeed, is of more consequence than the heat. The juices 
under this management are drawn out from the meat, and 
the liquid which is so prepared on this account forms a 
part of the dish. In France, a stewing pot is always kept 
by the side of the fire, so that slow cooking may be 
constantly carried on. A little fresh water is added to 
the pot from time to time, and in this way nutritious 
broth and well-flavoured, tender meat are always at 
command. The flavour is improved by the use of 
vegetables, sweet herbs, and condiments of vatiQ\i& Idx^^ 
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Soups are best made by slow cooking at a gentle beat, 
tbe object being to draw off in a liquid state all the 
nourisbment contained in tbe materials employed. Tbese 
tberefore are put in tbe first instance into cold, and not 
into boiling water. Tbey may advantageously consist of 
tbe bard and gristly, as well as of tbe more flesby portions 
of meat, because sucb parts fumisb tbe gelatin, or jelly, 
of tbe soup. Bones may also be used for tbe same reason, 
and are, indeed, even ricber in gelatin tban meat itself. 
Tbey must, boweyer, be broken in pieces before tbey are 
used, in order tbat tbe gelatin may be efGioiently extracted 
from tbem. So treated, two ounces of hones furnish more 
gelatin than sixteen ounces of meat. Gelatin tbus obtained 
is almost destitute of flavour, and meat of some kind must 
on tbis account be used witb tbe bones. Sucb meat sbould 
be fresb and lean. 

Broiling* is a similar process to roasting, but differs 
from it in tbe fact tbat small pieces of meat, instead of 
one large piece, are exposed to tbe fire. The meat is turned 
over frequently on a gridiron placed above a clear fire, 
until a casing of coagulated albumen is formed to keep 
in tbe juices, and tbe exposure to beat is tben con- 
tinued until tbe fibrous parts witbin bave been sufS- 
ciently softened. Tbe cbief requisites for good broiling 
are suitable tender meat in tbe first instance, and tben 
a clear brisk fire, and frequent turning about during the 
cooking. 

In frying*, small pieces of meat are cooked in melted 
iaX made bot in a frying-pan. Tbere must be enougb &t 
to cover entirely tbe meat, and its beat must not be too 
great It sbould be well understood tbat melted fat oa» 
he m^ade considerably hotter than hailing watery and tbai» 
if too great a beat be employed, tbe fibrous parts of the 
meat become bard and tougb. 
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Fish is especially adapted to he cooked hy frying y if the 
precautions of having enough fat entirely to cover the 
fish, and of taking care that it is of the right heat, be 
observed. The fish should be thoroughly dried, and 
dipped into a thin batter of flour and water before it is 
put into the pan. .Fish may also be advantageously 
baked, and is very good when boiled, but is more 
likely to have some portion of its nutritive juices drawn 
wastefully away into the water, when so prepared. 

Veg^etableS, as a general rule, require to be boiled in 
plenty of water containing a little salt, and to be boiled 
very fast. Carrots and turnips should be cut into 
pieces in order that they may be equally cooked, and the 
size should be such as is convenient for serving at table. 
Potatoes should be put into boiling water, and boiled 
until it is found that they are soft throughout when 
pricked by a fork. All the water must then be poured 
away, and the potatoes be covered lightly with a cloth, 
and left drying near the fire, with the lid of the saucepan 
a little removed, for about five minutes. A potato is by 
no means an easy vegetable to cook properly. Cooking a 
potato affords one of the most ready and effectual tests of 
the skill of the cook. Different kinds of potatoes vary, 
from fifteen to thirty-five minutes, in the time which they 
require, but they must always be tried by the fork to 
ascertain their softness. Some cooks place them first in 
cold water, and then boil them gently until they become 
soft. But whichever of these methods be followed, the 
drawing away of the water at the right moment, and the 
allowing them to dry thoroughly by steaming off super- 
fluous moisture, is indispensable to success. If the potato 
be left in the water after its proper softening has been 
ensured, it becomes waxy, or watery, instead of having 
the dry mealy state which constitutes its excellenci^* 

1L 
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LESSON XXVI. 

MAKING BREAD, CAKES, AND PUDDINGS. 

DSBITATIONS. 

saliva. — ^The liquid secreted in the mouth. Zat, E(Sliva. 
Adhesive. — Sticking to. 

Tenacity. — A holding fast. Lat tSnSo, to hold. 
Fermentation. — Changed in composition from the separation of a 

gas. Lat. fermento, to puff up by means of leaven. 
Redundant. — ^More than is required. Lat, rSdundo, to run 

over. 
Disengagement. — A separating, or setting free. Fr. disen- 

gager, to disjoin. 
Granulated. — Made of little grains. 

Parti. 

The making* of bread, although in appearance one of 
the simplest processes of cookery, involves in reality a 
series of considerations of great scientific interest. By 
means of this process a close compact paste, formed by 
soaking wheaten flour in warm water, is changed into an 
open spongy substance that is at once easy for grinding 
between the teeth, and easy to dissolve when mixed with 
the saliva in the inouth and with the g^astric juice in 
the stomach. 

The flour of wheat is most suitable for the production 
of bread because of the toughness and tenacity of its 
gluten. The gluten, which is procured when the staiob 
of wheat-flour is washed away by streams of water, is so 
adhesive and fli*m that it can be pulled out into long 
strings without the breaking asunder of its substance. 

When bread is made, advantage is taken of this adhesive 
tenucity of the gluten. The flour is mixed with water 
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and worked or knecubd, either by the hand or by suitable 
machinery, until it is turned into a soft paste. In forming 
this paste, as the object in view is bread, the starch of the 
flour is not washed away, but left well mingled in with 
the paste or doug^h, as the soft substance is called. 
There is also mixed up with the dough a little salt, and a 
small quantity of either leaven, or yeast. Lieaven is a 
piece of the paste made with flour and water which has 
been kept* until its gluten has begun to decompose or 
decay. ITeast is gluten in the same decomposing state, 
but derived from beer that is in the process of fermenta- 
tion. 

The action of this ferment, whether it be leaven or 
yeast, after it has been mixed with the dough under suit- 
able conditions, is that it immediately begins to change 
the dense tasteless and insoluble starch of the flour, into 
sweet soluble and less dense glucose, or. grape' sugar. 
But, as the less dense grape sugar contains less carbon 
than starch in its several molecules, the excess of the car- 
bon has to escape from the paste as this change is brought 
about. It does escape in the state of carbonic acid gas, 
for the redundant carbon is seized upon by the ever-ready 
oxygen, and the escaping gas puffs out the glutinous 
mass into an open spongy state, by stretching it into 
bladder-like cavities. The bubbles of the carbonic acid 
are caught and imprisoned in the sticky dough, instead 
of being allowed to burst withia it as they are formed. 

In order, however, that this important change of starch 
into glucose, with the accompanying disengagement of 
babbles of carbonic acid, may be properly maintained, the 
dough, after it has been formed, has to he left standing in 
a warm place. Warmth as well as moisture is necessary 
for the transformation of starch into sugar. Where this 
process occurs naturally, as in the germinatLou «svi 
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ing of seeds, it takes place only when warmth is secured 
by the presence of genial sunshine. After the dough has 
stood some time in a moderately warm place it begins to 
swell up, or to rise, as the process is termed. This is 
due to the first escape into its substance of the carbonic 
acid gas. Then, when the dough is put in its still moist 
state into the yet hotter oven, still more carbonic acid is 
set free, and the bubbles become more abundant and of 
larger size. At last, by continued exposure to the heat of 
the oven, the gluten and the starch of the dough are dried 
into the less yielding condition of bread. - 

In order that good bread may bo made, the circum- 
stances which require to be carefully attended to are 
that the leaven, or the yeast, shall be in an active state 
and in proper quantity ; that it shall be thoroughly 
mixed with the dough by most careful kneading, so that 
every part of the paste is penetrated by its transforming 
power ; that a suitable temperature shall be provided for 
*' raising the sponge ; " and that the heat of the oven shall 
be carefully regulated with a view to the perfect bakiiog 
of the dough. The heat of the oven needs to be a little 
more brisk than that which would be employed for cooking 
meat, but the floor of the oven should be covered with 
brick, where the loaves are to bo placed upon it, because 
iron, at this high temperature, would be almost sure to 
burn the bread or to injure the quality of its crust. 

The quantity of each ingredient that is required for 
making a two pound loaf is, twenty-four ounces and a half 
of wheaten flour, ten ounces of water, half an oimce of 
yeast, and from an eighth to a quarter of a pound of salt 
A mixture of leaven with yeast is sometimes advan- 
tageously employed. What is called the quartern loaf 
properly weighs four pounds when it is new. In that 
state it contains about 40 per cent, of water, about 8 per 
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cent, of gluten, ahont 48 or 49 per cent., or nearly half 
its bulk, of a mixture of starch, sugar, and gum, and about 
1^ per cent, of salt and other mineral ingredients. The 
four pound loaf is, however, reduced in weight to something 
like three pounds, by the continued evaporation of its toater. 



Part II. 

The chief difference between wheaten flour and bread 
is the presence in the latter of the soluble glucose, which 
has taken the place of a considerable proportion of the 
starch. The sweet and agreeable flavour of good wheaten 
bread is due to the formation of this glucose, and the 
object of the fermentation of the dough is to produce this 
well tasting and soluble substance. Here again, however, 
this change is merely an anticipation by art of a trans- 
formation that would have naturally occurred in the 
stomach if unfermented flour, instead of fermented bread, 
had been used as food. One of the flrst actions of the 
stomach upon such food-substances as flour is the con- 
version of insoluble starch into soluble glucose. The 
making bread out of flour is therefore in this sense a 
lightening of the work of digestion. 

Bread is not in the best state to be used as food until 
it has been made more than twenty-four hours. When 
new it is so sticky or doughy from the moisture still 
remaining in it that the teeth cannot chew it properly, 
and in consequence it is apt to prove difficult of digestion. 
On the other hand it is less palatable to the taste when it 
is so old as to have become dry and stale. 

When brown bread is properly prepared by grind- 
ing up all the seed-coats or husks of the grain, and re- 
turning the ground substance to the flour, it i& \i\i\x\^v^^3& 
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and excellent. But it is generally passed more qnicklj 
through the digestive organs than white bread, and, on 
that account, may not always yield all the nourishment 
that it contains. The advisability of employing brown 
bread or white bread as an article of habitual use depends 
very much upon whether, in any individual case, this 
more rapid passage of the food through the organs of 
digestion is desired or not. 

There are some processes by which bread is made 
without changing the starch into gbicose. The carbonic 
acid which is needed to form the bubbles of the sponge 
is then procured by some other expedient than that of 
converting the starch of the flour into glucose. Such, for 
instance, as the use of an acid that has a salt combined 
with it, like carbonate of soda, which contains carbonic 
acid in large quantity, or the mixing carbonate of am- 
monia with the dough, and setting free its gaseous con- 
stituents, carbonic acid and ammonia, by the simple 
influence of the heat of the oven. In all cases of tm- 
fermented, or as they are popularly termed aerated, 
breads, the product differs from true bread in the absenoe 
of glucose. It is more of the nature of unchanged floor 
than of bread, and upon that account may be found to 
be less readily digestible than fermented bread, althongh 
not less nutritious. The starch of the unchanged flour 
is in the end converted into glucose in the stomach, 
instead of the change being partly performed in the 
kneading trough and oven. 

Flour of necessity loses a considerable amount of its 
weight when it is converted into bread, on account of the 
removal of a part of its carbon and oxygen, in the form of 
the gaseous bubbles that follow upon fermentation. It is 
generally considered that 480 pounds of flour should 

jn'eJd ninety '&ve quartern loaves of four pounds 
ih, or 380 pounds ol "br eafli. T^^q^ '^'^^ ^\mda is 
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afterwards reduced to something like 280 pounds by the 
evaporation of moisture from the bread. 

Biscuits differ from bread chiefly in being free from 
the bubbles of carbonic acid, produced by the fermenta- 
tion of the starch, and in being baked until very nearly 
all their moistu!re is driven away. The word biscuit 
means properly twice baked or twice cooked, and was at 
first used because the drying of the biscuit was ensured 
by baking it a second time. As a general rule biscuits 
are more nutritious but less digestible than bread. When, 
however, they are not very dense, and are well browned 
in the baking, some part of the starch of their flour is 
turned into soluble sugar and gum. 

Cakes and pudding's, which are also made of 
wheaten flour, differ from bread chiefly in their starch 
not being changed by a ferment. Lightness is obtained 
by the use of eggs or of some kind of baking powder, and 
they are sweetened by the addition of sugar, and almost 
always moistened with milk instead of water. Bichness 
is frequently given by the employment of butter as well 
as eggs, and spices or other flavourings are generally 
added. In making puddings various other farinaceous 
substances besides flour are used, the most serviceable 

amongst them being rice, sago, comflour , tapioca, 

and sejnolina, which last is, however, a granulated pre- 
paration of flour. When properly made, puddings are as 
nutritious and wholesome as they are easy of digestion and 
pleasant to the taste. On account of the large range of in- 
gredients that can be drawn upon for their composition 
they constitute a valuable and justly esteemed branch of 
food-supply, and of the cooking art. They are easily 
made, either by following the directions of the various 
receipts given in cookery books, or by learning the mode 
of preparing them from careful observatioiL oi >i?Ei!b y^v>- 
ceedin^ of a good cook. 
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LESSON 

DIGESTION. 

DERIVATIONS. 

Operations. — Actions, things done. 

Exude. — ^Toflow through pores. Lat, exUdOy to sweat. 

Membranous. — Made of thin skin, like parchment. Lat, xnem- 

brana, parchment, a thin skin. 
Macerating^. — Making soft by steeping in water. Lat, xnacSrOy 

to steep in water, or dissolve. 
Solvent. — Capable of dissolving. Lat. solvo, to loose, or unloose. 
Projecting. — Shooting out. Lat, projecto, to throw forth. 

All the more or less solid food-substances have, after 
tbey have been cooked, to be still further softened, and 
at last turned into an almost liquid state of pulp, before 
they can be employed to support the liying operations of 
the animal body. This is accomplished within the body 
itself by .the process which is termed digestion. The 
cooking, which is commenced by the kitchen fire, is 
continued in the stomach of the animal. The word 
digestion is derived from the Latin dig*ero, which 
signifies to divide or to dissolve. By the act of digestion 
the several molecules of the food-substances are so 
loosened asunder, and so divided from their close con- 
nection with each other, that the whole is finally softened 
into pulp. In that sense the solid food-substance is 
dissolved into a liquid. 

The first part of the process of digestion consists in 

the food, already somewhat softened by cooking, being 

broken up into fragments by the grinding operations of 

the teeth, and at the same time mixed with an abundance 

of warm saliva whicb is provided in the mouth. This 
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saliva is itself a kind of ferment, and, as soon as it is 
mingled with the food, it begins to turn its starch into 
soluble glucose, very much as the starch of dough is 
turned into glucose, by yeast, in the process of bread- 
makiug. . The pulp formed by the saliva and the broken 
up food is then swallowed, that is, it is carried down 
into the stomach by the muscular pressure, or squeezing 
action, of the gullet ; and, in the interior of the stomach, 
the pulp is further mixed with a quantity of acid juice 
which exudes from the inner lining of this cavity. The 
stomach, which thus receives the pulped food, is a mem- 
branous bag, covered over with fleshy fibres that, by 
t&oir alternate lengthening and shortening, can keep it 
moving about so as to churn together the substances 
contained in it. 

The word stomach is derived from two Greek terms, 
signifying that tbis organ is the bag into which the 
pulped food is poured from the mouth. Saliva receives 
its name from another Latin word sal which means salt, 
and is so called because it has a somewhat salt taste. 
The acid juice, which is poured into the stomach from 
its inner lining, is called gastric juice, or the juice 
of the stomach: the word gaster being the Greek 
name for stomach. 

After the partially pulped food has remained soaking 
for some time in this acid juice of the stomach, the fibrous 
and glutinous parts are also loosened up into pulp by its 
influence. The warmth, the moisture, the acid, the constant 
churning movement, and the addition of another kind of 
powerful ferment, which is mingled with the gastric juice 
and called pepsin, all combine so to operate upon the 
food, already softened by the teeth and by the saliva, 
as to bring it into a yet more perfectly pulped and 
liquid state, in which it looks something like «k imzK^iX^x^ ^1 
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thick gruel and cream. In this condition, it is called 
chyme, the word being derived from the Greek term 

chumos, which signified moist juice. 

When the conversion of the pulped food into chyme ifl 
complete, this juice of the digested food is passed on from 
the stomach into the long coiled-up tube which lies 
beyond, and which is called the bO'Wel. In it, the 
chyme is mingled with two other liquids formed within 
the body; one culled the bile, which is manufactured 
in the liver, and conveyed from it to the bowel by a 
special channel, or tube ; and the other the pancreatio 
juice. By these liquids, the oil and fat contained within 
the chyme are in their turn made soluble; and, over 
and above this, the digestion of the starch, which had 
been commenced by the influence of the saliva, is now 
finished and made complete. The chyme, then, after a 
little while, begins to separate itself into two parts ; a 
white milk-like liquid, and a dark fibrous mass. The 
white liquid is the essence of the dissolved food ; and 
contains its richest parts, the gluten, the sugar, and 
the oil, all mingled up with water into a kind of emul- 
sion. The milk-like liquid, or perfected essence of the 
digested food, is then called chyle, the word being 
derived from the Greek chulos, which signifies the 
liquid juice pressed out of any moist substance. The 
chyle is the liquid juice pressed out of the digested 
food. 

The act of digestion thus consists, first, of grinding the 
food in a kind of mill; and then of macerating and 
soaking the ground food in a vat, where different solvents 
are provided to accomplish the softening of its varions 
parts and ingredients. The nitrogen-containing, or glu- 
tinous and fibrinous ones are softened by the gastric juice; 
the starch and the fat by \>kiQ ^liva^ the bile, and the pan- 
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creaidc juice. The chyle is the remingling of the softened 
gluten, starch, and &t, with a certain quantity of water. 

The essence of the liquefied food, or chyle, when 
it has been thus separated from the coarser and less 
valuable parts of the food-mass, is drunk up, or absorbed, 
through the lining coats of the bowel. The inner surface 
of the bowel is covered all over by small projecting points 
or hairs which hang down into the interior of the tube, 
like the soft pile of velvet. These projecting points or 
processes are termed villi, the word being derived 
from the Latin villus, a tuft of hair. They are very 
small, and so numerous that some millions of them are 
contained within the bowel of a full-grown human being. 
From every one of these little villi delicate tubes run 
upwards until they are collected together into the 
system of channels, or vessels. The points of the villi 
are covered over by a membrane so delicately fine that it 
allows the milky chyle to soak through and get into the 
tubes leading to the vessels, just as syrup soaks through 
blotting paper. The chyle-vessels, which collect the 
chyle from these myriads of absorbing points or hairs, all 
meet together at last in one common reservoir, or re- 
ceptacle. From this a single duct, or tube, issues to 
convey the collected liquid on towards its final destina- 
tion, which is one of the large veins leading to the heart. 
The liquefied and digested food that is gathered up from 
the villous coat of the bowel is there at last mixed in 
with the blood. The blood in the first instance is 
renewed and nourished by the fresh stores of food-sub- 
stance brought to it through the process of digestion, 
and these fresh stores of nourishment are then afterwards 
carried on in it to all parts of the body. 
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LESSON xxvni. 

THE MIXED DIET OF MAN. 

DERIVATIONS. 

Principle. — An original or elementary substance. Lat, princi- 

pium, a beginning. 
Superfluous. — More than is needed, flowing over. 
Rejected. — Thrown away. Lat. rejecto, to cast away. 

An almost infinite number of different kinds of substances 
are used by man as food. But, in order that as inuch 
nourishment may be procured out of these as is necessary 
for the support of the daily waste of a living human being, 
those different kinds must at least furnish due portions of 
all the distinct classes of foods, such as the nitrogen-con- 
taining gluten or fibrin, the sugar or starch, and the &t 
or oil. 

The food and drink which are needed each day by a 
human being of average size and strength amount to 
nearly seven pounds by weight ; but, of this quantity, five 
pounds and-a-half consist of water in some form or other, 
and only a trifie more than one pound and a quarter of 
dry food-substance. 

Of that dry food- substance, eleven ounces and a quar- 
ter must be sugar, or starch ; three ounces and three 
quarters fat or oil; four ounces and a quarter gluten, 
albumen, fibrin, or some kind of nitrogen-containing sub- 
stance ; three quarters of an ounce salt, and 170 grains 
other mineral ingredients. Whatever the nature of the 
food that is chosen for the daily meals, and however the 
different substances, such as meat, vegetables, bread, and 
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the rest, are apportioned and mixed, so mucli at least of 
these several principles must be supplied in each day's 
diet. 

As a matter of fact, a sufficient supply of these several 
ingredients is ensured by more food being consumed than 
is necessary for the renewal of waste. In order to secure 
300 grains of nitrogen, more than 6000 grains of carbon 
are taken in; or, in order to secure 5000 grains of 
carbon, more than 300 grains of nitrogen are introduced 
into the body. When more of any one of the ingredients 
is received than can be turned to practical account, the 
superfluous quantity is rejected from the body unused. 
This is nature's way of making sure of a sufficient supply. 
More food on the whole is taken than is absolutely re- 
quired, and the superfluity which is not wanted is rejected 
as waste. 

This, however, as anyone can see, is not the most 
economical way of managing the matter. Under this 
plan some part of the food is not turned to useful account, 
and, what is perhaps of more importance than the mere 
waste, the excess is only got rid of at the cost of some 
strain upon those organs of the frame which are charged 
with the removal of superfluous substance. In extreme 
cases of over-feeding, disorder and illness of various 
kinds are actually caused by this strain. 

If an adult human being were to live upon bread alone, 
and were to take as much every day as would yield the 
300 grains of nitrogen required for the support of the 
body, sixty-one ounces, or nearly a four pound loaf 
of bread would have to be eaten ; but these sixty-one 
ounces of bread would supply 7600 grains of carbon, 
instead of the requisite 6000 ; and so there would every 
day be 2500 grains of unused carbon to be got out 
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of the way, unless that quantity were allowed to accu- 
mulate injuriously in the body. If, on the other hand, 
beef alone were taken, nearly six pounds and a 
half would have to be consumed to get 5000 grains of 
carbon, and that weight would yield 930 grains of nitrogen, 
or 630 grains more than can be used. If pota- 
toes alone were taken as food, four times the weight that 
would be needed to furnish the 5000 grains of carbon, 

or twenty-five pounds, would have to be taken to 
furnish the 300 grains of nitrogen. This difficulty, how- 
ever, at once disappears when a judicious mixture of the 
three kinds of food is eaten instead of any one alone. 
Thus, in one pound of beef, one pound and a JuUf of 
bread, and three pounds of potatoes, there would be con- 
tained just about 5000 grains of carbon and a trifle more 
than 300 grains of nitrogen. Such an admixture of 
meat, bread, and potatoes would certainly prove both a 
more wholesome and a more economical arrangement of 
the diet than either meat, bread, or potatoes taken alone. 

The quantities of the different kinds of food-subBtance 
that are needed to make up a sufficient and wholesome 
diet, and the least wasteful way of obtaining such a diet, 
have been ascertained by actual experiments made with 
soldiers, sailors, prisoners, and the inhabitants of work- 
houses. In the case of all these the food has of necessity 
to be measured out for each individual, and to be so 
planned that the health and strength of the body are 
effectually maintained, although no wasteful expenditure 
of food-substance is allowed. This is, at the present 
time, so successfully arranged, that in most of the prisons 
in England the inmates are more healthy than people who 
feed upon as much as they please. 

Soldiers and sailors, who are regularly engaged in acti?e 
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work, receive, in their daily allowance of food, five ounces 
of fibrin, gluten, or other nitrogen-containing compound, 
and of starch, fats, or other unnitrogenized substance, 
enough to yield ten ounces of carbon. Prisoners, on full 
diet, receive four ounces of glutinous food, one ounce and 
a half of fat, and nearly nineteen ounces of starch and 
sugar. It is generally considered that labouring men 
engaged in hard work consume daily five ounces of gluti- 
nous food, three ounces of fat, and as much as two ounces 
of starch and sugar. 

In one of the most instructive and carefully prepared 
books which has been written upon the subject of a good 
and economical dietary,* and which has been designed as 
a handbook to describe and explain the Food Collection of 
the Science and Art Department of the Government (now 
deposited in the Bethnal Green Museum), the following is 
given as a sample of what may be considered a stan- 
dard selection of food-substances for one day's consump- 
tion : — 



Bread 18 ounces. 



Butter 

Milk 

Bacon 

Potatoes 

Cabbage 



1 
4 
2 
8 
6 



Cheese 3 J ounces. 

Sugar 1 

Salt f 

Water, alone and in 
various forms of 
drink 66^ 






>» 



In this assortment of food, all the different substances 
contain some water. But, if this be allowed for, the 
absolutely dry food-substance contained in the whole 
still amounts to not less than twenty-one and three- 
quarter ounces. 

In the same excellent book, the following list is supplied 



♦ * Some account of the Sources, Constituents, and Uses of Food,* 
by Prof. A. H. Church. 
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of the quantity of the different kinds of food specified, 
which would have to be consumed, to get from each the 5000 
grains of carbon required by an adult in a day : — 



lb. oz. 
Bacon .. .. .. .. 1 

Oatmeal 1 9 

Dried peas 110 

Rice 1 11 

Cheese 1 11 



lb. 01. 

Bread 2 8 

E^ffs, white and yolk 5 3 

Potatoes 6 6 

B(ef 6 6 

Milk 8 11 



The quantity of each kind of food that would be 
required in the day to obtain the 300 grains of nitrogen 
is given as 





lb. oz. 




lb. oz. 


Cheese 


. .. 15 


Bacon 


. ..3 4 


Peas 


. ..13 


Rice 


. .. 3 7 


Oatmeal 


. .. 1 10 


Bread 


. .. 3 13 


Eggs 


...20 


Milk 


...68 


jjQQl. t . • • • 


...21 


Potatoes 


. .. 24 



The admixture of different kinds of food-substances 
together in a meal, such as milk, oatmeal, and sugar; 
bread, vegetables, and meat ; milk, eggs, and rice ; bread 
and butter, bread and cheese, bread and meat, meat and 
potatoes, and meat with vegetables in every form, has 
arisen without design from the want of the different 
kinds of ingredients contained in the several sub- 
stances. As a general rule, the natural craving of the 
appetite, and the natural inclination for different kinds of 
food ensures proper supplies of those different kinds 
being taken. If people be fed too exclusively upon 
meat, they soon feel a strong desire for vegetables and 
bread. Still, what the natural propensity accomplishes 
in a certain degree may be more thoroughly effected by 
forethought and design, when the reason for the admix- 
ture is understood ; and this more especially when whole- 
some food has to be provided at the smallest possible 
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expenditure, and with the least possible waste. It is 
then that the selection and varying of the articles of 
food for each day's consumption, and the cooking of those 
articles, become a very important branch of domestic 
economy, and one with which every manager of a house- 
hold ought to be familiar. 
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IV. — Nature and Action of Drink. 

LESSON XXIX. 

DKINK. 

DEBIYATIOKS. 

Difi^sed. — Spread widely. Lat. difPasuB, poured out. 
Mastication. — A chewing of food. Lat, xnastico, to chew. 
Film. — A thin skin or membrane. Anglo-Saxon word. 
Anatomy. — Examination of the animal body by dissection. Or. 

SnStQme, dissection of dead bodies. 
Ramifications. — Branchings. Lat. ramus, a branch. 
Reducing. — Bringing back to an earlier form. Lat, rSdHco, to lead 

back. 
Chemical. — ^Action of unlike atoms upon each other. 

Part I. 

Dbine is no less essential to the maintenance of the life 
of animal bodies than food. There must be fresh supplies 
of drink furnished from time to time, as well as fresh 
supplies of nourishment. What happens when people are 
deprived of drink for days at a time is instanced when 
travellers across the dry deserts fail to reach wells alter 
the exhaustion of their own stores of water, or when sailon 
are cast away at sea without proper supplies of it. They 
first faiot with thirst, and then die from the stoppage di 
every action of life. 

The drink provided by nature for all living creatmres ifl 

water. The wild animals that roam free oyer some 

portions of the earth go down to the rivers and streams, 

BO abundantly scattered about, to procure the drink which 
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they need ; and the rivers and streams of the earth do not 
run dry, because the clouds carry the water back to the 
hill tops as fast as it flows down the hill sides, and on to 
the sea through the valleys. All this bouutiful provision 
of uprising vapours, drifting clouds, and frequently re- 
curring showers of rain, is made in part that there may 
be this natural drink diffused everywhere for animals. 

The vast importance of this natural drink to human 
beings is at once expressed in the enormous amount of it 

that occurs in their bodies. In a human body, 
which, weighs 164 pounds, 109 of those 

pounds are water. Of the six pounds and three- 
quarters of fresh food which must be furnished every 
day for the nourishment of that body and for the support 
of its life, five and a half pounds are water I 

The reason why so abundant a supply of water is 
needed in the bodies of animals, and why fresh quantities 
of it have to be given as drink from time to time at 
Sequent intervals, becomes manifest enough as soon as 
the use to which it is put is understood. Water is the 
great carrier of nature. All the food, which is taken into 
the body for the maintenance alike of its structure and of 
its living powers, is floated or washed into its interior 
chambers and cavities. It is poured into the places where 
its nourishing powers are to be turned to account, and that 
is simply everywhere. Every structure and texture of the 
frame is saturated and flushed with the liquefied nourish- 
ment. 

In the first act of digestion, that, namely, which is 
performed in the mouth, the more solid food-substances 
are ground down and turned into a soft half-liquid paste. 
This is accomplished by mixing them up with a con- 
siderable quantity of water. The saliva, which is poured 
into the month as the food is in the process of m»&^<(!a.^<^\^ 

1*^ 
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is warm water liaving a comparatively small quantity of a 
ferment and of a mineral substance, or salt, dissolved in 
it. The white milky chyle, which is extracted in the 
bowel from the still further pulped food, or chyme, is 
water holding in suspension the glutinous, farinaceous, 
sugary, and oily essences of the food. 

When the chyle is sucked up by the villous processes^ 
or velvety pile of the inner lining of the bowel, it is 
carried along in an ever-gathering stream until it is at 
last contained in one long pipe, or vessel. This is called 
the thoracic duct, because it passes through the 
thorax, or chest, to get to the large vein which there 
enters the heart. All the dissolved essence of the digested 
food, or milk-like chyle, is poured along in a never-ceasing 
stream through this thoracic duct, just as the water supply 
of a house is poured through its main pipe to the cistern. 
All this pouring along, or streaming, of the liquefied 
essence of the digested fo.d, is managed by the water with 
which it is so intimately mixed. The water of the chyle 
is the essential agent of its movement and transport. 

But after the chyle has been poured into the great 
vein of the chest, it is immediately carried on into the 
heart, and is there blended with the blood. When the 
white milky chyle reaches the heart, it is turned into 
red blood. That is to say, the relatively small stream of 
white milky liquid which is pouring into the blood, is so 
mixed with that larger crimson stream as to be imme- 
diately lost in it. But that crimson stream, the blood, is 
renewed and maintained in its structure-building and life- 
giving powers by the newly-dissolved food, or chyle, being 
added to its current. 
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Part II. 



The digested and liquefied food, after having been first 
changed into chyle and then into blood, is poured out 
by the pumping, or squirting action of the heart, through 
a most beautiful system of supply-pipes, that are laid 
down in the body, as water-pipes are laid down to all 
the houses of a town, so as to reach every cavity, 
and fibre, and texture of the frame. A great vessel, or 
artery issues from the heart, and then branches out into 
smaller and smaller tubes, as the trunk of a tree branches 
out into its twigs, until at last every crevice and cranny, 
every film and fibre, of the living body is penetrated by a 
series of netted channels that are finer than the smallest 
hairs, and that are therefore called the capillary, or 
hair-like vessels of the body. 

When the heart beats, or contracts, the blood is poured 
or flushed, by means of these capillary vessels, through 
the very substance of each texture. It flows everywhere. 
The point of the finest needle could not be thrust into 
any part of a living animal's body, excepting perhaps into 
the earthy substance of the bones, without an opening 
being made into some one of these delicate vessels, and red 
blood flowing from the wound. The capillary vessels are 
so universally spread throughout the frame, that if they 
were filled with some unyielding substance, such as red 
cement, instead of with flowing blood, and if all other 
parts were cut and picked away, still the general outline 
of the body, from head to foot and from skin to backbone, 
would be preserved in this hardened skeleton of branching 
vessels ; just as the form of a leaf is preserved in its 
netted fibres when the skin and wood and pulpy flesh 
have been removed from them. There are, indeed, in 
some of the large museums of anatomy, sweh. \y» \JaaJt </l 
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the Boyal College of Surgeons in London, specimens 
which have been prepared in this way from human bodies, 
and which are amongst the most wonderful things that 
can be looked at by curious and inquiring eyes. In these 
beautiful preparations, the red cement has been got into 
the interior of the capillary vessels by the simple and 
ingenious plan of squirting it in from the heart in a liquid 
state, and then leaving it to harden there into firmness. 
Wax, well mixed with red vermilion, is used in a hot 
melted state, and when the mixture has grown cold, it is 
firm enough to maintain the proper form of the vessels 
into which it has been poured, even to their minutest 
twigs and ramifications. 

It is not possible to determine exactly how much blood 
is contained in a living human being, but in a full-grown 
person of average size it is probable that there are some 
twenty pounds of blood, or a little more. If, however, 
the quantity be estimated at twenty pounds, four-fifths 
of this, or sixteen pounds, would be water. In twenty 
pounds of human blood, about four pounds consist of the 
various nourishing matters, gluten, fibrin, starch, sugar, 
oil, and the rest, that have been extracted from the food, 
and sixteen pounds consist of the water that manages the 
washing along, or transport. 

The direct services, therefore, which drink performs in 
the living animal body are these three : — 

(1) It furnishes the moisture of the several juices that 
are mingled, in the mouth, stomach, and bowels, with 
the crushed food, to complete its digestion. 

(2) It dissolves or suspends the nourishing essences 
extracted from the crushed food, and so enables them to 
be absorbed, or drawn in, by the small collecting vessels 
that cover the digesting cavity. 

(3) And it then washes them along, through the branoh- 
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ing vessels of the body, to all the organs and parts to 
which they require to be distributed. Having accomp- 
lished this all-important work, the drink still has some 
service to perform. But that will be best explained upon 
another occasion. 

Water, the great drink-liquid of nature, is admirably 
fitted for the work of transporting nourishing substance 
into the interior parts of the body where vital actions 
have to be maintained ; first, because it has great power 
of reducing other materials to the liquid state by dissolving 
them into itself ; and then because it is unable to interfere 
with their composition even when it has so dissolved 
them. Sugar, gam, salt, albumen, and gelatin are all 
readily dissolved in water, and taken up into it for trans- 
port. But they are all unchanged in their essential 
natures by this close union with the liquid. They 
are all ready to be given up again as sugar, gum, salt, 
albumen, and gelatin, wherever those substances are 
needed for constructive operations. No chemical change 
is effected by the dissolving action of the water. In its 
work as a carrier, water is an incorruptible servant, 
giving up honestly at the end every molecule of each 
various substance that has been entrusted to its charge. 
It is on account, first of its great power of dissolving and 
rendering liquid so many other substances, and, then, of 
its disinclination to produce any atomic, or chemical 
change in their composition, that water is the very best 
drink which can be used by animals. 

The quantity of water that requires to be taken in a 
day, as drink, for the effectual performance of this work 
of dissolving and transporting the food, varies to a certain 
extent with circumstances. More, for instance, is needed in 
hot weather than in cold, because the work of cooling the 
body is then added to the other services that water per- 
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forms. And again, as water is present to some extent in 
all kinds of food, less drink is required when moist food, 
sucli as fruit, vegetables, and soup are used, than when the 
food is of a drier charaoter. 

Allowing for all these circumstances, about five piutS 
and a lialf may be considered the average quantity 
that must be supplied every day, in both drink and food, 
to full-grown human beings ; and the proportion of this 
that is best taken as drink uoiU vary from two to four 
pints in the day^ accordingly as dry or moist food is used, 
and accordingly as the weather is cold or hot. 
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LESSON XXX. 

THE COMPOSITION OF THE BiiOOD. 

DBRTVATIONS. 

Opacity. — Cloudiness. Lat, 5pacus, shady. 

Corpuscle. — Lat corpusciiluni, a little body. 

Coaguluxn. — Clot. Lat coSgiUo, to curdle. 

Adhesive. — Sticking to. 

Filmy. — Made of thin skin or membrane. 

Permeable. — ^That can be passed through. Lat permSo, to make 

a way through. 
Izistnunentality. — Agency. 

Part I 

When blood is drawn from a living animal body it is 
found to be made up of two distinct parts, namely, a 
clear, transparent liquid, and a vast number of opaque or 
untransparent granules floating therein. If a very small 
quantity of the freshly-drawn blood be placed under a 
microscope, these can be easily seen. The opaque 
granules, which are far too small to be discerned at all 
by the unaided eye, then appear as separate round bodies 
floating in the liquid. They can also be procured apart 
from this liquid by straining it off from them through 
blotting-paper. The granules are then left in a clustered 
mass upon the surface of the paper. Each one of them 
appears to be of a pale yellowish colour when looked at 
through the microscope. But it is really red. When 
many are seen closely packed together, they are of a 
bright crimson hue. The redness of the blood is 
entirely due to their presence. When they are all 
filtered away, the liquid which remains is nearly as 
transparent and colourless as water. The rednesa QA\d. 
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opacity of the blood are therefore caused by a crowd of 
minute red granules suspended in its clear liquid part. 

These opaque granules of the blood are called its red 
particles or red corpuscles. The word corpuscle 
merely means a little body. The red corpuscles of the 
blood are the little red bodies that float in its clear 
liquid. In twenty pounds of blood, three pounds are 
entirely made up of these red corpuscles. When all the 
red corpuscles of twenty pounds of blood are filtered, or 
strained away, the rest of the liquid weighs seyenteen 
pounds. 

The clear liquid of the blood, which is left after all the 
red corpuscles have been strained away, is called its 
serum. Serum is the Latin word for the fohen 
of milk which remains after the curd has been re- 
moved. The serum of the blood is, indeed, almost of 
the same nature as the whey of milk. It contains, 
besides the material which is made into granules, all those 
parts of the dissolved food which are soluble in moderately 
warm water, that is, the albumen, sugar, and saline 
ingredients. In seventeen pounds of the serum of blood, 
nearly one pound is albumen held in solution in water. 

There is, however, one other more highly elaborated 
product mingled in with the albumen of the serum of 
blood. If blood freshly drawn from the body of a living 
animal be left to stand in a basin until it grows cold, it 
separates into two parts : the thin liquid, or serum al- 
ready described, and a kind of cake, clot, or coagnluxn 
of a more or less red colour, that floats upon the sur&ce 
of the serum. This clot contains all the red corpuscles 
of the blood. But it contains something besides, for the 
red corpuscles are cemented together in the clot into a 
continuous cake-like mass. They in reality lie entangled 
in a loose web or net, of intermeshed *' fibres " or strings. 
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These strings are themselves made of the very same 
substance as the insoluble fibres of meat, and are indeed 
flesh beginning to be formed in the blood. 

In living and warm blood this fibrin is in some 
mysterious way compelled to remain in solution with the 
albumen and salts, in order that it may be carried along 
the arteries in the rushing blood-streams to the places 
where flesh has to be formed. But the instant the living 
blood becomes dead and cold, in consequence of removal 
from the vessels of the body, the fibrin is condensed and 
thrown down out of the liquid in a compact insoluble 
state, and forms the coagulum or clot. This then consists 
of the fibres of the consolidating substance, the red 
corpuscles, and some little part of the liquid serum — 
which is retained in the porous mass, just as water is 
held in the pores of a sponge. 

The fibrin, which is thus mingled in with the albumen 
of the blood, is that nourishing substance advanced one 
stage farther in its fitness to be made into organized 
structure. It is albumen rendered more plastic, or more 
organizable. Only as much fibrin, however, is made out 
of the albumen in the blood as is required for present use 
in constructive work. If more than that were made, the 
blood would become too thick and adhesive to flow 
freely, as it is required to do, through the delicate vessels 
and channels of the body. In ordinary circumstances, 
only a little more than half an ounce of the more plastic 
fibrin is found in each pound of the less plastic albumen. 



I 
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Part n. 

The unnitrogenized or amyloid products contained in 
food — namely, the starch, sugar, and oil— are principally 
mingled in with the albumen in the blood, and then 
taken back out of its substance as they are required for 
constructive and living work. Small quantities both of 
sugar and of oil are found in the circulating blood. But 
the sugar and oil, like the fibrin, are prepared out of the 
albumen only as they are required for use. The sugar is 
dissolved in the serum. The oil is enclosed in little filmy 
bladders or sacs, which are constructed out of the albumen, 
and carried along in the general stream mingled in with 
the red corpuscles. 

There is commonly very nearly the same quantity of 
oil and fibrin kept ready for use in the blood. In twenty 
pounds of blood there are also something like two ounces 
of salt and other analogous mineral ingredients. These 
are all dissolved in the serum. 

The red corpuscles of the blood, which are so exceedingly 
minute that they cannot be seen at all by the naked eye, 
begin to become visible only when they have been mag- 
nified many times by powerful microscopes. They are 
so small that something more than three thousand of 
them can be ranged in single file within an inch. Upon 
a square inch as many as ten millions of them could 
be laid down side by side. In the blood of an adult 
human being of average stature, there must be at least 
two and a half millions of millions of them ; or six- 
teen hundred times as many as there are living human 
creatures existing upon the earth. 

These exquisitely minute little corpuscles are, never- 
theless, very elaborate pieces of organization, constructed 
in the blood for an important purpose. They are, in fact, ' 
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the first efforts of living organization. Each little body 
is a living organism, formed to accomplish work that no 
unliving agent can perform. Each one consists of a 
transparent skin, made of albmnen obtained from the 
serum, which is plastered and hardened into a kind of 
homy coating, or shelly The corpuscle is flattened in 
one direction, instead of being round like a ball, so that 
it may be more easily able to increase and diminish in 
bulk, and may be capable of lying edgeways where close 
squeezing is required. In the inside of the filmy shell a 
rich red liquid is contained, which also is made out of the 
albumen, but which is of a more complex and elaborate 
character. New ingredients are added, as the albumen is 
drawn through the pores of the film, which turn the pale 
liquid into a crimson-coloured substance. That substance 
is a product of animal life, which has been manu- 
&ctured out of the albuminous serum of the blood by the 
condensed, but still permeable, film of the corpuscle. 
Each pigmy corpuscle is a workman as well as a fabric ; 
a living creature in some sense as well as a piece of 
construction. How it is that this minute organization 
manages to accomplish its work no one can say ; but 
none the less certain is it that it does elaborate, or 
manufacture, this bright crimson liquid out of ingredients 
destitute of colour, and that this crimson liquid cannot be 
prepared in any way without its instrumentality. The 
red corpuscle is the first living thing that is made out of 
the plastic material of the blood, and it proves that it is 
a living thing by accomplishing vital work, such as no 
unliving thing could accomplish. 

The bright crimson liquid, which is thus manufactured 
by the living corpuscles of the blood and closed up in 
the interior of their filmy shells, is the perfected and 
proper food of the moving and feeling parts of the animal 
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body — of the muscle, the nerves, and the brain. The 
clear albuminous and fibrinous part of the blood, perfect 
as it is for the nourishment of the simpler and more lowly 
organized portions of the structure, is not elaborate and 
rich enough for the support of these higher fabrics. 
A vast staff of manufEicturing vesicles is therefore comr 
missioned to provide the more finished food that is 
required for them. These are the microscopic blood- 
corpuscles that exist in each human being in altogether 
countless millions. The perfected muscle-food and nerve- 
food is the red liquid, or lieBIuatill, as it is then 
called, which is contained within the corpuscles. The 
word hsBmatin, which has been adopted as a name for 
this most characteristic and finished product of the blood, 
is derived from aima, the Greek term for blood. 
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LESSON XXXI. 

THE CIRCULATION OF THE BLOOD 

DEBIYATIONS. 

Coagulated. — Clotted. 

Contract. — ^To shrink or draw together. Lat COntrSho, to draw 

together. 
Compensate. — ^To make equal in value. Lat compenso, to make 

amends. 
Elastic. — Springing back after being stretched. Gr. elaunein, 

to shake. 
Intermitting. — Ceasing for a time. Lat, intermitto, to leave 

off for a time. 
Portable. — That can be carried. Lat, porto, to carry. 
Conferred. — Given or bestowed. Lat. confSro, to bestow. 
Trend. — ^To run in a particular direction. From an Anglo-Saxon 

word. 

Part I. 

Thb plan which has been adopted to get the digested, or 
dissolved, food — in other words, the blood — to all parts of 
the body of a living animal, in order that each of those 
parts may receive its proper share for the nourishment of 
its substance and for the support of its actions, is a very 
beautiful and remarkable one. The liquefied food or 
blood is pumped along the series of branching tubes 
laid down through the body into every crevice and every 
fibre of the frame. The pump, or squirt, by which this 
forcing of the blood through the branching vessels is 
managed, is called the heart. The first great vessel, 
or tube, of the supply-pipes of the body issues from the 
heart. The heart is a hollow bag of muscular fibres, or 
flesh, filled with blood; and when the fibioa ocnv^TMifl^ 
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upon the blood, it Is' squeezed out through the. opening 
of the bag. If the hand be laid upon the left side of 
the chest, the action of the heart can be felt, pumping and 
pumping its blood forwards into the branching system of 
vessels. 

This pumping action of the heart goes on without 
ceasing from the beginning to the end of life. It must 
not be stopped for more than the shortest instant, for if 
the beating or pumping of the heart be arrested, the blood 
ceases to flow, and if the blood ceases to flow, life stops as 
well as the blood. All the actions of life are maintained 
by the flow of the blood, and consequently all those 
actions are terminated when the flow comes to an end. 

Seventy times or so every minute ; four thousand two 
hundred times every hour ; one hundred thousand times 
in a day ; thirty-six millions of times in a year ; 2555 mil- 
lions of times in a life of seventy years — a human heart 
beats, on and on, before its wonderful activity and energy 
are stilled. 

But as the heart of a living human creature beats in 
this way, it pumps, or forces out from its interior, at 
every stroke, some five or six ounces of the liquid blood. 
The entire amount of blood contained within a human 
being is thus pumped out from the heart in less than a 
minute. If, however, twenty fresh poimds of blood were 
pumped out every minute, this would mean that over 
28,000 pounds, or more than 576 hogsheads by measure, 
were pumped out in twenty-four hours. If 576 hogsheads of 
blood were pumped out from the heart, it is clear that 676 
hogsheads must be received into the heart to be so pumped 
out. But those 576 hogsheads are certainly not fresh 
hogsheads. No such amount of fresh liquid is supplied to 
the body in a day. The fresh substance that is introdnoed 
within twenty-four houxB does not, at the most, exoeed 
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seven ponndB) or pints. The infereneo, therefore, is plain. 
As twenty pounds of blood are pumped out from the heart 
every minute, and as certainly not more than the smallest 
fraction of an ounce of fresh substance is introduced in 
the same time, the same twenty pounds are used over and 
over again. The blood which issues from the heart is 
returned to the heart. It is pumped round and round 
through the system. In other words, the blood circu- 
lates. The same twenty pounds of blood, with slight 
changes from addition and loss, are pumped out from, and 
back into, the heart, many hundred times every day. 

The circulation of the blood is managed in this way : 
the large vessel, or artery, which issues from the heart, 
is divided and branched into smaller and smaller tubes, 
and these small tubes are divided and branched again, 
until they form the network of minute, hair-fine vessels, 
or capillaries, spread through the interior of all the 
structures and textures of the body. These capillary 
vessels are at last so small that as many as 3000 of them 
could be laid side by side within an inch. They are so 
minute, indeed, that in their finest parts the red corpuscles 
of the blood can only just squeeze through. But the 
blood, which is forced into these vessels, does not stop 
there. It makes its way through them, and comes at last 
to other parts of the network, where vessels of increasing 
size begin to receive the blood-streams in their interiors. 
These larger vessels go on collecting into more and more 
capacious trunks, and at last all end in one main channel, 
which terminates in the heart, and so the circulation is 
complete. These collecting vessels, however, that lead 
the blood back from the capillaries to the heart are called 
veins, to distinguish them from the arteries which 
carry the blood out to the capillaries. The name " arte- 
ries " and ^^ veins " were conferred upon the two seta q{ 
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vessels before anything was known concerning the circn- 
lation of the blood, and therefore before anything had 
been ascertained concerning the uses to which they were 
pnt. It was merely observed that in the bodies of dead 
animals the arteries were always soft, flabby, empty tubes, 
and it was therefore conceived that their work was to 
carry air. The veins, on the other hand, were found to 
be filled with dark coagulated blood, which made them 
look like fibres, or strings. The word artery is derived 
from the Greek term " aer " or " air," The word vein is 
taken from the Greek " is," " ina," a sinew, or " fibre." 



\ 



Part II. 

Thb stream of blood flows very quickly where it passes 
out from the heart. The fleshy bag contracts upon its 
liquid contents with a force that throws the blood along 
the large artery through as much as about twelve inches 
in a second. As, however, this main artery branches out 
into its numerous divisions, the space which has to be 
filled by the flowing blood gets larger and larger. In the 
extreme network of the capillaries the space is at least 
four hundred times as large again as the outlet from the 
heart, notwithstanding the minute size of each little 
vessel. The minuteness of each is compensated for four 
hundred fold by the vast number of the vessels there are 
to take the supply. The blood consequently flows more 
and more slowly as it reaches the larger space, until in the 
capillary channels themselves it gets through something 
like only an inch in a minute, instead of twelve inches in 
a second. It is this sluggish movement of the blood in 
the capillaxy channels which affords the opportunity for 



THB OIBOULATION OF THB BLOOD. 163 

the Tarious stmctnres to select from the nourishing stream 
the ingredients that each requires for the renewal of its 
substance. The minute vessels themselves are made of a 
fibrous membrane so exquisitely fine as to be easily satu- 
rated and soaked by the loitering blood. In this way, 
therefore, it escapes to the surrounding parts and pores 
of the stmctnres that have to be supplied from its 
stream. 

The movement of the blood through the narrow chan- 
nels of the capillary vessels is, however, as steady as it 
is slow. The crimson stream starts from the heart in 
sncoessive jerks, as stroke after stroke is made by its ex- 
panding and contracting fibres. But the arterial vessels, 
into which it is driven, are as elastic as if they were made 
of india-rubber. Yielding to the stream when the stroke 
&lls npon it, they expand ; and then, when the stroke 
oeases, they contract upon the blood and press it onwards. 
As the blood gets farther and farther on into the nar- 
rower vessels, the original stroke of the heart is less and 
less marked, and the elastic contraction of the stretched 
vessels tells more and more, until at last, in the capillary 
vessels themselves, the stretched walls alone do the work 
of keeping up the movement. The intermitting strokes 
of the heart stretch the elastic tubes, and the elastic tubes 
in their efforts to contract then push on the blood in a 
gentle steady stream that has lost all trace of the primary 
jerks. 

When the blood is sent out by the contraction of the 
heart, it is made to run on always in one direction by the 
simple contrivance of a series of trap-doors, or valves, 
which open inwards, to the cavity of the heart, where the 
inlet from the veins is placed, and outwards from the heart, 
where the passage to the artery is found. Under the ^^ 
action of these valves, the flow of the blood, qaxl ^liX:!) V^^| 
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in one and the same direction. It can only go forwards 
into the arteries, and it cannot go back into the veins. 

Simple and obvious as is this beantifal process of the 
circulation of the blood, nothing whatever was known of 
it a little more than two centuries and a half ago. It was 
first detected by one of the physicians of King James the 
First, named William Harvey. He was convinced that 
the blood must flow in this way on account of the arrange- 
ment of the valves at the openings of the heart and at 
some other places in the great vessels. He, however, did 
not know anything about the capillary vessels, by which 
the circling current gets from the outward-trending supply- 
pipes, or arteries, to the inward-trending return-pipes, 
or veins, because in his day there were no microscopes 
strong enough to show structures so exquisitely smalL 
These capillary vessels were discovered about half a 
century later by an Italian doctor, of Bologna, named 
Malpighi, and then the whole secret of the mystery was 
revealed. 

The process, which was so dark and mysterious in 
those days, can actually be now seen by anyone. The 
web that unites the toes of a frog, in order to allow it to 
use its feet in swimming, is so thin and transparent that 
it can be seen through. If a small portion of this web be 
stretched under a properly arranged microscope, the 
streaming of the blood through the capillaries, supplied 
to it as they are to all other structures of the frog's 
body, becomes visible to the eye. The branching net- 
work of the delicate vessels appears spread out through 
the transparent web, and continuous streams of the blood- 
corpuscles can be observed hurrying along through the 
different channels, and passing out from the end of arteries 
into the commencement of veins. This spectacle, of the 
bJood'Btre&ma running through the web connecting the 
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toes of a living frog, is, perhaps, one of the most striking 
of the marvelloTis and interesting things that can be 
shown to human eyes by the microscope. 

This, therefore, is what happens in the circulation of 
the blood : the digested and dissolved food, made port- 
able by drink or water, is flushed through every portion 
of the body at each stroke of the heart, just as it is seen 
to be flushed through the transparent web of the frog's 
foot when looked at through the microscope. In every 
fibre and every film of the living frame, in nerve, brain, and 
flesh, in skin, gristle, and bone, in soft pulp, tough mem- 
brane, and built-up substance, those blood-streams flow 
continuously on and on. The whole living body is pene- 
trated in every part with the moving flood of liquid 
nourishment. Sixty times every hour, more than 1400 
times every day, the whole twenty pounds of the crimson 
blood are washed round and round in the ever-circHng 
stream. Once at least in every minute the entire twenty 
pounds of the blood rushes out from the heart, streams 
through the expanded network of the capillary vessels, 
and returns to the heart ; and this goes on from day to 
day, from year to year, and from birth imtil death, with- 
out any pause in the unceasing flow. 
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LESSON 

REMOVAL OF WASTE SUBSTANCE. 

DEBIYATIONB. 

Transude. — ^To pass through the pores. Zat trans, through, 

sudo, to sweat. 
SfZhaled. — Sent out as vapour. Lat, exhSlo, to breathe out. 
Extension. — A stretching. Lat eztendo, to stretch out. 
Expedient. — Serving a purpose. Lat, expSdio, to bring to pass. 
Redundant. — ^Excessive, overflowing. 
Expel. — ^To drive out. Lat, expello, to drive forth. 

Part I. 

Wateb is the great natural agent of transport by which 
the dissolved and liquid food is conveyed throughout the 
body. The essence of the digested food is washed out of 
the stomach and bowels into the blood, and is then washed 
in the blood to all parts of the body, through the supply- 
pipes, or arteries, that are distributed everywhere. All 
this excellent service is performed by drink which is 
taken, like food, at frequent intervals. 

But the drink, which is thus received at frequently 
recurring intervals into the body, must be got rid of again 
in some way. If four pints of drink are taken every day, 
that amounts to 112 pints in a month. But it is dear 
that 112 pints of liquid could not be added to the body, 
month after month, unless 112 pints were removed from 
it in the same time. The fact is that the drink is poured 
out from the body as well as being poured in. But as it 
has to be removed in this way, it is turned to still further 
account in the act. The opportunity is ^taken to make it 
wash out of the body a considerable portion of the waste 
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fbod-substance which, having played its part, is no longer 
of use in the system. 

Some portion of the waste is steamed away ont of the 
mouth with the breath, being discharged from the blood 
into the air-chambers of the lungs. All the carbonic acid 
formed in the blood by the burning of the carbonaceous 
matters of the food is so got rid of. The air which comes 
out of the mouth after breathing contains 5 per cent, 
more carbonic acid gas than the air which goes in. As 

much as eighteen cubic feet of carbonic acid 

gas is discharged with the breath of an average-sized 
human being every twenty-four hours. A large portion 
of the waste carbon of the system is thus got rid of. The 
breath also contains a very large quantity of the vapour 
of "water, which is simply some portion of the drink 
escaping from the mouth as steam. This vapour of water 
is at once seen coming ont of the mouth on a cold day, 
because it is then chilled into the state of a visible cloud, 
by the cold air. 

Another part of the waste water is carried away through 
the pores of the skin. The skin is everywhere filled with 
little openings, which cannot be seen until they are 
magnified, but which exist nevertheless in vast numbers. 
There are millions of them upon the skin of every human 
being. The pores come from small tubes, covered with 
capillary blood-vessels, through the ^e filmy walls of 
which the water transudes. In cold weather the pores 
are closed, but in warm weather they are relaxed and 
opened, and then the moist vapours pour out from them 
in what is called perspiration. The perspiration 
of the skin is formed of water drawn out of the blood, 
and bringing with it also a small quantity of more solid 
substance, which is waste matter being thus washed 
away. From one fdnt to four pints of water, accordingly 
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as the snrroanding air is cold or warm, are thtui expelled 
out of the blood, through the pores of the skin, in 
twenty-four hours. 

Yet another portion of the water gets back inio the 
howeU and so escapes from the blood. The stomach and 
bowels are lined bj a soft delicate skin which is called 
the mucous membrane, because it is bedewed 
with the escaping moisture. The mucous membrane of 
the stomach and bowels is, indeed, an extension of the 
outer skin into the interior of the body, and it has 
an abundant series of pores of a similar kind to the skin. 
There is a transudation of liquid mucus through the 
walls of the bowel, and this is a kind of internal per- 
spiration, supplementing and helping the perspiration 
from the skin. 

But a yet larger quantity of the waste water of the 
body drains away, drop by drop, from the kidneys, which 
are organs provided expressly for its removaL They are, 
indeed, very exquisitely formed to play the part of the 
sluice gates of the system, being amongst the most delicate 
and finished structures of the body. Each kidney is 
formed of a large artery, or supply-pipe, carrying bright 
scarlet blood, and branching out in the usual way .into a 
network of capillary vessels. But in this case these 
capillary vessels are bundled up into a series of bunches, 
and these bunches are then packed away into the mouths 
of a number of funnels. Each bunch has its own funnel 
and its own venous outlet, or retarn pipe, running on 
towards the right side of the heart, so that a blood-stream 
may flow continuously on through its looped and meshed 
capillary vessels. The funnel, which contains the 
bunched-up mass of blood-vessels, is narrowed down, 
after the manner of funnels, into a pipe, and this pipe 
continues on into a collecting basin, hollowed out in the 
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kidney ; all the Tarions pipes, coming in from the different 
fonnela, join in this basin. Another pipe then empties 
the collecting basin into a larger store-bag or bladder, 
which serves as a temporary reservoir for both kidneys. 
The interior of the channels of the bunched-up blood- 
vessels and the cavities of the collecting fminels are only 
separated from each other by the thin delicate fibres of 
the vessels. Accordingly as the blood circulates through 
the vessels, some of its water exudes through the films and 
drips away into the funnels, and more water thus drips 
away when the system is full of liquid, so that increased 
pressure is put upon the films. More or less water is 
drained away accordingly as the pressure of the blood is 
great or small. 



Part II. 

Through the two kidneys of a full-grown human being 
as much as 24,000 grains, or fifty ounces, of water drain 
away every twenty-four hours. But these fifty ounces 
are not pure water ; they contain a considerable quantity 
of a peculiar substance called urea, which is a product 
of the living operations of the body. There are as much 
as 500 grains of urea in every fifty ounces of the liquid. 
There are also mingled in with the urea smaller quanti- 
ties of other soluble substances, such as soda, potash, 
and salts, containing lime, magnesia, sulphur, and phos- 
phorus. 

All these soluble matters are in reality waste portions 
of the wom-up textures of the frame, and of such parts of 
the food as cannot be burned in the blood and removed 
in the form of vapour, as the carbonaceous compounds 
are, but which can be washed away in streams of flo^ins^i^ 
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water on acconnt of their ready solubility. The urea, 
which forms so large a part of this soluble waste, is, in 
reality, the product of the nitrogen-containing parts of 
the structures and of the food. It is itself very rich in 
nitrogen. The natural tendency of compounds which haye 
been built up by the aid of nitrogen is to return, upon 
their dissolution or decomposition, first into the state of 
the ammonia from which they were formed, and then into 
that of the nitrogen and hydrogen gases, of which am- 
monia itself is composed. But ammonia is a yery pungent 
and irritating substance, that could not be safely con- 
tained in the blood in any quantity, on account of the 
injurious influences it would there exert. The admirable 
expedient is therefore adopted of conyerting the decom- 
posing nitrogenized waste of the frame into urea, which is 
a bland, unirritating and not pungent substance, and of 
then leaving the urea to be changed, in its turn, into am- 
monia, after it has been washed clear of the body. When 
urea has been thus removed from the living structures, it 
is further resolved into pungent ammonia and carbonic 
acid. 

This, therefore, is how the waste portions of the struc- 
tures of the body, and the food-substances which have 
been used for the production of activity and movement, 
or which are expelled unused because they are in excess 
of what is required for that purpose, are got rid of. They 
are partly burned away into invisible vapours, and poured 
out as such through the mouth and skin ; and partly 
washed away in the steam of the breath and skin, and 
in the liquid stream which flows out through the kidneys. 

All the most soluble parts of the body and of the blood 

are at all times in process of being slowly drained 

away through the kidneys. The albumen and fibrin of the 

blood and ite corpuscles are the only parts that are kept 
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back in the clwumflB of the circalatioii, mnd not allowed 
to dimin mwBj tliroii^ these orgmns. Their filtering 
fnnnels are so eontrired as jnst to preTent thoee thicker 
and atill valoahle parti of the blood from paasing throng 
In eertain fonns of difjease, howerer, this restraining 
^wer 18 lost, and the rich stores of albnmen, fibrin, and 
blood-corposcles are filtered awaj, as well as the solnble 
waste, ihroii§^ the ]ddnejB» to the grare injozy of the 
health. 

There is one other large organ in the body that plays 
an impcxiant part in the remoral of waste sabstanoes, 
that, namely, which is called the liver. It prepares 
from certain poaiions of the blood a peculiar product 
termed bile. A large branch of an artery carries blood 
to the liver and then opens out in it into a vast expansion 
of capillary yeasels, which pass on in the usual way into 
veins. But, closely comiected and interlaced with the 
capillaiy vessels of the liver, are other delicate tubes, 
which draw out, or form, the bile from the blood, and then 
cany it on to a collecting channel of their own that ends 
in the lower part of the digestive carity or boweL A 
very considerable quantity of bile is thus made out of the 
blood every day. 

The bile, which is thus formed out of the blood and 
poured into the interior carity of the bowel in such abun- 
dant quantity, helps there, in the first instance, to com- 
plete the digestion of the food by turning its oily parts 
into a kind of soapy substance, such as can be floated 
back into the blood. The greater part of it is in that 
form taken back with the chyle, through the absorbing 
processes and pores of the bowel, and is afterwards burned 
in the blood for the production of heat. The bile is, 
really, a kind of oily emulsion, made from the waste 
carbonaceous substances of the system and frt>m the am^- 
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laceons and fatty portions of the food, and well fitted to 
serve as a fuel for warming the body. It is kept in the 
condition of a kind of soap rather than of oil, on acconnt 
of the greater convenience with which the soap can be 
transported and acted upon. The bile, being a thick and 
not altogether soluble substance, and being intended iot 
burning as a fuel, is kept back in the blood with the 
albumen, fibrin, and corpuscles, and does not drain away 
through the filtering funnels of the kidneys with the 
soluble waste parts. 

The drink taken in with the food thus plays the double 
part of washing that food into the body, and of then 
washing away out of the body all the waste portions that 
have done their work and require to be removed. In 
order, however, that it may accomplish this double 
service, it must first become part of the blood ; and then 
make its escape from the chambers of the lungs, through 
the pores of the skin and by the funnels of the kidneys. 
It has to mingle with the blood, and with it to go circling 
round and round through all the textures of the frame, 
through the heart, and lungs, and flesh; through the 
nerves and brain. Every drop of drink that is taken into 
the stomach must mix with the blood, must circxQate with 
it through the most delicate organs of the frame, and 
must remain circulating through them, again and again, 
for prolonged intervals of time, although its final des- 
tination is only to wash away waste refuse out of the 
body. 
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LESSON xxxni. 

THE NATURE OF FERMENTED DRINK. 

DBBIYATIOKS. 

Superfluities. — Overflow, things beyond what is necessary. 
Supersede. — To be set in the place of. Lat, SllpersSdSo, to sit 

upon. 
Infusion. — ^A liquid made by steeping soluble matters in water. 

Lat. infundo, to pour in. 
Distilled. — Drawn off in drops. Lat, stilla, a drop. 
Inodorous. — ^Without smell. Lat, in and odor, scent. 
Fermentation. — Change of composition by the removal of some 

jconstituents in the gaseous form. 

Part 1. 

Watbb is the all-important ingredient of drink. Animals 
that exist in the wild state in nature get nothing else 
bat water for drink. Thousands upon thousands, also, 
of human beings take nothing else but water, and 
yet perform all the varied actions of their bodies with 
unfiEdling efficiency. It is therefore perfectly clear that 
nothing beyond water is absolutely required to maintain 
the liquid state of the blood, and to enable it to accom- 
plish its nourishing, its force-giving, and its purifying 

offices. 

In the somewhat artificial state in which man lives in 
civilized communities, he has however devised various 
ways of disguising the water which he employs as drink. 
In most instances he does this by adding to it something 
which gives it an agreeable flavour. Artificial drinks, 
prepared in this way, are in very general use. But, since 
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thousands of people get through all the work of life 
without them at least quite as well as those do who 
employ them, they must be regarded as articles of luxury 
rather than of necessity. It therefore becomes a matter 
of some moment to reasonable people to determine how 
far they are either useful and harmless superfluities, or 
how far they are dangerous and hurtful substitutes for the 
natural drink which they are made to supersede. 

The various kinds of artificial beverages in most com- 
mon use are obtained by the fermentation of sweet yege- 
table infusions, or juices ; and all agree in one circum- 
stance which is common to the whole. They all contain a 
substance called ardent spirit, which is made out of 
sugar by the process of fermentation. This ardent spirit 
can be distilled from the liquid when it has once been 
formed, because it is more volatile, or, in other words, more 
easily raised into vapour, by heat, than the water with 
which it is mixed. In the process of distillation, the 
spirit is first driven off by heat, and is then condensed by 
cold, and is so caught again in another vessel, in a liquid 
state, but apart and more or less free from the water. 

All the fermented drinks, known as beer, cider, wine, 
brandy, whisky, rum, and gin, contain more or less of 
this spirit. It is most commonly procured by distillation 
from wine, and is on that account called ^^ spirit of wine." 
Another of its names is alcohol. This name was given 
to it by the old Arabian chemists who first examined its 
nature, and is still retained amongst scientific men as its 
most suitable denomination. 

Alcohol, or spirit of wine, in its purest and strongest 
state, is a clear transparent liquid, looking like water, 
but very much lighter, bulk for bxQk. The volmne, 
which would weigh 1000 grains if it were water, weighs 
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only 790 grains. Instead also of being tasteless and 
inodorons, like water, it has a very burning taste, and a 
very penetrating smell. Its burning nature is also marked 
even more strongly than its taste ; for if a piece of 
burning paper or a burning match be brought near to it, 
it then bursts into a flame, and continues to blaze until 
the whole is consumed, and changed by the burning into 
invisible vapour. It is on account of this combustible 
character that the liquid is called '^ardent" or '' burning" 
spirit. 

The heating power of spirit is also expressed in 
another remarkable way. It makes water warm merely 
by mixing with it. If thirty parts, by measure, of alcohol 
be mixed with seventy parts of water, the mixture con- 
tracts considerably in bulk, but becomes fifteen degrees 
hotter than either the spirit or the water were before they 
were mingled together. 

Alcohol can be intimately mixed with water in any 
proportions. Either one drop of alcohol may be dif- 
fused through a pailful of water, or one drop of water 
may be diffused through a pailful of alcohol. The two 
fluids, indeed, have so strong an inclination towards each 
other, that it is hardly possible to procure them apart 
when they have once been mixed. The strongest alcohol 
that can be formed, which is termed ^ absolute alcohol," 
still contains 2 per cent, of water mingled with its 
substance. Strong alcohol of its own accord always 
attracts to itself water from moist substances, and it does 
this so powerfully that it has the effect of drying them in 
consequence of removing the water from them. Meat 
and organic substances of a similar kind are hardened and 
preserved from putrefaction when they are plunged into 
alcohol, on account of the drying influence which it exerts. 
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When spirit of wine is mingled with water, the liquid, 
which is formed by the admixture, is even thinner and 
lighter than water itself. This is a yery important 
characteristic ; because a mixture of spirit and water, 
when taken into the stomach of a living animal, is, on 
this account, at once conveyed from the stomach into 
the Uood, as it would be if it were pure water alone. 
When fermented drinks are used, water and spirit pass 
into the blood instead of pure water. 



\ 



Part n. 

The ardent spirit, which is formed in a sweet vegetable 
juice by fermentation, is produced by a change in the 
substance of the sugar. The sugar begins to be resolved 
into its elements, that is, into carbon, hydrogen, and 
oxygen, by the removal of a portion of the carbon in 
the state of carbonic acid gas, or vapour. This vapour is 
seen to escape from the liquid in the form of an abund- 
ance of bubbles which rise up during the fermentation. 
As this goes on, the liquid becomes progressively less 
and less sweet, more and more sugar being destroyed; but 
it becomes more and more spirituous, or hot, because 
ardent spirit takes the place of sugar. 

When carbonic acid escapes from molecules of sugar, 
during the process of fermentation, the elements that 
remain behind are rearranged to constitute new mole- 
cules, which have a smaller amount of carbon in each of 
them. Those new molecules are molecules of spirit 
instead of being molecules of sugar. They have lost 
their sweet taste, and have acquired in its place a fiery 
taaie and properties. The molecule of alcohol is in troth 
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a molecule of sugar on its downward progress towards 
complete decomposition, but arrested half way. When 
the downward progress is renewed, the molecule of spirit 
is first changed into acetic acid, or vinegar, after that 
into carbonic acid and water, and then the destructive 
or decomposing process is complete. Alcohol, therefore, 
although still a complex substance, is a product, not of 
building up, but of wasting down. It is less complex 
than the substance out of which it is formed. 

In beer, the ardent spirit is formed out of the " glucose " 
or grape sugar of the m alt. In the finished product, or 
beer, from 80 to 90 per cent, is water, from 3 to 8 per 
cent., according to the strength, alcohol, and about 5 
per cent, sugar and albumen, or gluten. Stout, porter, 
and pale ale all contain a little more than one ounce of 
spirits of wine in every pint. Very strong beers contain 
as much as two ounces in each pint. The 5 or 6 per 
cent, of glutinous material and sugar which beers contain 
is nourishing substance. But this quantity is relatively 
so unimportant, that a very small piece of bread added 
to the same quantity of water gives more nourishment. 
Beer is consequently a very extravagant and expensive 
kind of food, apart from all consideration as to what 
may be the nature and effect of the ardent spirit which is 
present in it. It has been ascertained that 2^ pounds 
of bread give as much strength and force to the human 
body as nine bottles of pale ale. But the 2^ pounds of 
bread cost only about 3 id., whilst the nine bottles of pale 
ale cost 4«. 6(2. 

In "wine, the spirit is procured from the fermentation 
of the grape sugar, which constitutes the sweetness of 
the juice of the grape. There is also in wine a small 
quantity of albuminoid material and unchanged su^blt 
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capable of affording nourishment; but the amount is 
very much less even than that which is present in beer. 
The quantity is indeed so small as to be hardly worth 
consideration. The amount of ardent spirit, produced 
from the transformation of the sugar, is, on the other 
hand, much larger than in beer. There are three ounces 
and a half of ardent spirit in every pint of strong aheony 
and port ; two ounces of spirit to the pint in Burgundy ; 
and one ounce and a hal^ or one ounce and three-quarters, 
in the lighter wines, which are called champagne, daret, 
and hock. The colour, fragrance, and flayour of wines 
depend upon very minute quantities of other ingredients 
which are extracted from the grape, and retained with the 
spirit in the liquid, after fermentation. It is to these 
flavouring matters that the agreeable quality of all wines 
is due. But the seductive power of fermented drinks, 
even in the case of wines which are the most attractive 
to the taste, unfortunately depends more upon the in- 
fluence of their ardent spirit than upon these compara- 
tively harmless ingredients. 

Grape juice contains a considerable quantity of tartaric 
acid, of which, however, the principal part is deposited 
from the wine after fermentation. When this is not 
effectually accomplished, the wine is unpleasantly acid 
to the taste. In what are termed home-made wines 
which are manufactured from English fruits, such as 
gooseberries and currants, various other acids are also 
present. These are not naturally thrown down fram the 
wine as tartaric acid is, and, on this account, sugar is 
added until the acid is disguised in the sweetness. Such 
wines are, in consequence, even less wholesome than the 
wines made from the grape. 

The spirituous liquors known as brandy, rum, 
gin and the rest, are a\l made by distilling off the spirit 
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from sweet vegetable jaices, or infusions which have 
already undergone fermentation, condensing and collect- 
ing the spiritaous vapours, and then mixing them up 
with water and flavouring substances until they acquire a 
certain strength and taste. The whole of these com- 
pounds contain a terrible quantity of the ardent spirit . 
In whisky, which is the strongest spirituous liquid used 
as drink, there is half a pint, or ten fluid ounces, of 
alcohol in each pint I In gin there are about eight ounces 
to the imperial pint ; and in brandy and rum, nine ounces 
to the pint. Any person who drinks one glassful of 
brandy or whisky, drinks half a glassful of strong 
burning spirit . 

The amount of money that is spent every year for 
fermented drinks is almost too large to be believed until 
it has been carefully estimated in figures. In Great 
Britain and Ireland alone, as much as 80,000,000 gallons 
of fiery aldohol are consumed every year in the various 
forms of fermented beverages. The value of the drinks 
thus consumed, in the British Islands, in a single year, 
is certainly more than 130,000,000/. of money. It thus 
costs the inhabitants of these islands, who are generally 
considered to be amongst the most civilized and intelligent 
of the nations of the earth, considerably more for their 
strong drink than it does for all the advantages of educa- 
tion and good government — police, the administration of 
justice, prisons and reformatories for offenders, and the 
army and navy for external defence all taken together. 
Tet those, who know best what the actual value of fer- 
mented drink is in supporting the strength of the body, 
are quite aware that almost the whole of this vast sum is 
expended in waste, because a very small part indeed of 
it, spent in such materials as bread and meat^ '^q!V3\&. 
really give more nourishment and Btiea^^ ^Si[^Ka ^^ 
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spirits can by any possibility famish. There is also 
the still more sad knowledge that a very large quantity 
of the strong drink is consumed, not only to no good 
purpose, but to a very bad and a very hurtful one, as at 
once appears when the direct influence of the strong spirit 
upon the organs of the living body is taken into account. 
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LESSON XXXIV. 

THE INTOXICATING POWER OF FERMENTED 

DRINK. 

DEBIYATIONS. 

Recess. — A withdrawing or retiring. Lat. rScedo, to go back. 
Excretion. — Material thrown off as waste. Lat, excretus, sifted 

out, or separated. 
Final. — Last, belonging to the end. Lat. f inis, an end. 
Derived. — Drawn as from a source. 
Permeated. — Penetrated, or passed through. 
Xntimate. — Last. 
Pretematnrally. — Beyond nature. Lat, prsdter, beyond, and 

natura, nature. 
Delirium. — Madness. Lat, delirium, dotage, or insanity : the 

trembling delirium caused by strong drink — delirium tremens. 

Part I. 

When spirituous liquors in their strongest state, as they 
exist in brandy and whisky, are drunk in considerable 
quantity, it at once appears what their real nature is. It 
is then seen that they are poisons of the most deadly 
power. Men have been frequently killed by drinking a 
large draught of strong spirit, just as they would have 
been by taking a strong dose of such poisons as arsenic 
or prussic acid. 

When the spirit is mixed with considerable quantities 
of water, as it is in wine, beer, and most forms of undis- 
tilled fermented drinks, and is swallowed in that state, 
this is what happens. The spirit is first taken up with 
the water out of the stomach into the blood-vessels. 
Pure water does not need to go the roundabout way 
through the bowels and the chyle-ducts. On «a«^\s^ ^IS^ 
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great importance in the work of tracnsport within the 
body, a large part of what is used as drink passes at once 
into the blood-vessels, or veins, which are running back 
from the internal lining of the stomach. When only a 
moderate quantity of ardent spirits is mingled with the 
water, as is the case in beer and the weaker wines, the 
spirit goes with the water into the blood. The water, spirit, 
and blood are then circulated together through the tex- 
tures of the body. In other words, the spirit, as well as 
the blood, is flushed to all the interior recesses of the 
frame, to the flesh, to the nerves, and to the brain, and ia^ < 
kept streaming on round and round through them. The '^ 
purifying organs of the body immediately become con- 
scious of the presence of the unnatural spirituous ingre- 
dient in the blood, and begin to clear it away, with the 
other waste and useless substances, as fast as they can. 
Some part of it is distilled away out of the mouth with 
the breath, some is exhaled through the pores of the skin, 
some is removed with the liquid excretion of the kidneys 
and with the bile, and some part is broken up in the 
blood into its final elements, oxygen, hydrogen, and 
carbon. It takes some time to accomplish the clearanoe, 
but the whole is certainly removed, if the quantity which 
has been taken be not more than the purifying organs can 
grapple with. When anyone drinks a bottle of strong 
beer, or half a bottle of wine, spirit derived from that 
drink is circulating in the blood for two or three days at 
least, occasionally for as long a time again ; but, after 
that interval, the whole is found to have been removed by 
nature's own beneficent care, provided always, of conrsey 
that no more of the same kind of liquid has been intro- 
duced in the meantime. 

If, however, more be introduced, and if beer and wine 
be taken at frequent intervals, in quantities which axe in 
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excess of the amoxuit that can he remoyed, then the hum- 
ing liquid accumnlates in the hlood, until at length its 
poisonous powers hegin to manifest themselves hy the 
effect they exert upon the living textures. 

The first organ to suffer is the one which is the most 
heautifolly and delicately organized of the whole, the 
organ, namely, which is concerned in the production of 
feeling and thought, and which is called the brain. 
The brain consists of a soft pulp, permeated everywhere hy 
capillary vessels, which bring to it its proper supply of 
blood. The brain, indeed, is so active and important an 
organ in the human being, that it has much more abundant 
blood-vessels, and receives a much larger amount of blood 
than any other part of the frame of the same size. When 
the blood, which comes to its pulp through the branching 
blood-vessels in this abundant way, is highly charged 
with ardent spirit, the hrain soon begins to lose its proper 
powers. First, there is confusion of thought, for thought 
is one of the proper functions of the brain ; then there is 
indistinctness of speech ; and after that, loss of the power 
both of feeling and movement, so that the individual falls 
insensible to the ground. The state, which is thus pro- 
duced by the action of burning spirit upon the brain, is 
very aptly called intoxication. The word really 
means a poisoned condition. Intoxication is de- 
rived from ' toxicum,' which is the Latin for venom, or 
poison. An intoxicated person is one who has been so 
far poisoned with alcohol that the brain has lost its 
proper powers of feeling, direction, and thought. 
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Part n. 

The reason why people generally recover from the in- 
sensibility of intoxication — when tiie effect is produced by 
the slow and gradual introduction of the poison into the 
blood — instead of dying of the poisoning, is, that as soon 
as they have become insensible from the quantity of spirit 
circulating through the brain, it is a necessary conse- 
quence of the powerless and helpless state that they 
cannot go on drinking more of the spirit-containing 
liquid. Nature immediately begins to clear the spirit 
away from the blood ; and, after a few hours, so much of 
it has been removed that the brain is sufficiently relieved 
from the burning and pernicious presence to be once 
again able to resume its proper activity and work. 

Of the ultimate evil efifects of this poisoning of the brain 
by the intoxicating influence of ardent spirit, there can, 
however, be no doubt. The protective powers of nature 
are so great, that they can remove the terrible mischief, if 
it be not renewed. But unfortunately it too often is re- 
newed. People who once submit to the tyranny of 
drunkenness almost certainly repeat the excess again and 
again. Very grave disease then is sure to follow. The 
brain in the end becomes injured in its structure, so that 
it can never quite recover its healthy state ; and, in addi- 
tion to this, the purifying organs, the liver, the lungs, 
and the kidneys, which were not originally intended to 
deal with so pernicious an adversary as the burning spirit, 
break down under the unnatural and excessive work that 
is imposed upon them, and become injured in their stmo- 
tures also. Habitual dnmkards suffer from various 
diseases brought about in this way, the most formidable 
amongst them being one called '^ trembling delirium," in 
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which the powers of the intellect are almost entirely de- 
stroyed. Trembling delirium is simply a state in which 
the organization of the brain has been grievously injured 
by the poisonous action of alcohol, and is on the way to 
ultimate destruction. 

It is a very remarkable fact that, although ardent spirit 
bums when it is set light to in the presence of air, and 
furnishes a hot flame, it does not necessarily appear to 
have heating power when it has been received into the 
blood. The portion dismissed through the mouth and 
skin as spirituous vapour, and through the liver and 
kidneys as liquid' spirit, would of course yield no heat, 
because that portion is not burned. But it might very 
reasonably be expected that the part, which is split up in 
the blood into its original elements, might furnish some 
warmth. The opposite, however, seems to be the fact. 
The bodies of drunken men grow colder instead of 
warmer from the presence of the intoxicating spirit in 
the blood. In certain kinds of fever physicians employ 
alcohol as a medicine, because it reduces the heat of the 
sufferer, and makes the parched body cooler. The feeling 
of warmth, which follows when people drink a little spirit, 
wine, or beer on a cold day, appears to be due mainly to 
the increased circulation of the blood that it causes, rather 
than to a true oxidation, or burning, of the spirit. When 
the blood flows more quickly through the various struc- 
tures of the body, through the lungs, as well as the rest, 
other ingredients of the blood, such as the oil, sugar, and 
bile, are, for a short time, more rapidly consumed with 
the production of increase of warmth. 

This effect, however, only lasts for a brief interval, and 
it is invariably found that the blood of persons who in- 
dulge habitually in strong drink becomes pretematurally 
dark from the accumulation within it of various cacbocL- 
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aceous matters that ought to be removed. This darkness 
is then due to the excess of black carbon, or charcoal^ 
which the blood contains. In some well-marked instances 
it has been ascertained that blood contaminated from this 
cause really had in it 30 per cent, more carbon than 
there should be ; and, in two or three cases, the blood 
was more like black oily pitch than blood. All this was 
virtually due to the fact that various carbonaceous ingre- 
dients, which had been supplied in the food to be turned 
to account in the blood in warming the body, had re- 
mained there unbnmed, in consequence of the disturbing 
presence of the alcohol. This dark carbonaceous and 
contaminated state of the blood, produced by the immo- 
derate and habitual use of strong drink, goes very far to 
explain many of the diseases that are known to attack 
intemperate people. 



I 



■» 



THE FOOD-POWXB OF ABDENT 8PIBIT. 187 



LESSON XXXV. 

THE FOOD-POWER OF ARDENT SPIRIT. 

DERIVATIONS. 

Intermediate. — Lying between opposite extremes. Lat, inter, 

between, and mSdius, the middle. 
Unalloyed. — Not mixed with different substances. Fr, allier, to 

mix. 
Original. — First in order. 
Intemperance. — Excessive use of intoxicating drink. Lat, in- 

tempSrantia, want of moderation. 

Part I. 

It appears scarcely possible to doubt that, at least, some 
part of the ardent spirit which is taken into the blood 
as fermented drink is there spHt up into its original 
elements and so ceases to be ardent spirit. The most 
careful observations of skilful investigators have tended 
to show that, when fermented drink is habitually and 
freely used, more spirit goes into the blood than comes 
out of it again in the spirituous state, in the vapours of 
the breath and skin, and through the kidneys. There, 
therefore, arises the question what becomes in the body of 
the remaining part ; and this is not only an interesting, 
but also an important inquiry, because it is obvious that 
that part may possibly be turned to account either in 
buildiQg up its structures, or in supporting its strength 
and activity. Being so split up into the original ele- 
ments as to cease to be spirit, its atoms and molecules 
may be used in connection with the ingredients of the 
food for the construction of organs and textures, or 
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strength and support of some kind may be contributed 
by the act of change. 

The opinions of scientific men differ as to what is 
the probable truth in regard to this particular point. 
Some believe that the spirituous part of fermented drinks 
does nourish and strengthen the body when they are 
judiciously and moderately employed; and that ardent 
spirit is, in itself, properly a food, as much, at least, as 
oil, sugar, and starch. Others, on the contrary, as folly 
believe, and strenuously maintain, that ardent spirit is 
in no sense a food; but at the very best, and when em- 
ployed only in quantities too small to be capable of doing 
harm, is merely waste and useless substance that has to 
be got rid of. Both of these differing authorities have 
apparently some reason to give for the opinions they 
hold. Thus, it is certain that old people have been 
known, in some extreme cases of illness, or of confirmed 
habits of intemperance, to live for weeks at a time upon 
spirituous drink, without suffering any loss in the weight 
of their bodies, such as would certainly have occurred if 
they had remained entirely without food for the same 
period ; and, again, in cases of extreme weakness and the 
exhaustion of severe fever of a certain kind, sick people 
are often kept alive by strong drink given as a medicine 
by their doctors. 

On the other hand, it appears at the first glance incon- 
sistent with the general order of nature's plans that 
alcohol should serve as a food, because it is a substance 
advancing towards decomposition and decay, and not one 
in the completeness of elaborate complexity, as all the 
proper food -substances are. Alcohol is a compoimd 
already corroded by the tooth of the wasting oxygen, and 
therefore, in this sense, unsuited to play the part of a 
food to the animal body. The rule of nature is that 
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food-substances are complex bodies built up out of simpler 
elements, by the powers of vegetable life, in order that 
sustenance and strength may be obtained from them when 
they are pulled to pieces, or resolved in the animal frame. 
Alcohol is clearly not a substance built up out of simpler 
elements, but a substance of this class which, having 
been broken down into a simpler state, is advancing to 
the condition of further decay. 

In various other instances, complex substances, that 
are passing downwards through intermediate stages of 
decomposition, constitute very dangerous poisons, instead 
of being foods. Thus, both oxalic and prussic acid are 
poisons of this character. They are complex vegetable 
productions advanced one stage downwards in the process 
of resolution and decay. Alcohol, in its strongest and 
most concentrated state, certainly is as powerful and 
deadly a poison as either oxalic or prussic acid. 

The truth appears to be that it is not as yet possible to 
say what is the actual destination of the alcohol which is 
consumed in the bodies of living animals. No one can 
tell what becomes within them of its elements. This, 
indeed, is one of the questions that has not yet been 
fathomed by human intelligence ; one of the provinces of 
imperfect knowledge that has to be penetrated by the 
further investigations of science. 



Part II. 

Cbbtain considerations, however, in connection with 
this inquiry, are already clear enough, and should on 
no account be lost sight of. Unhappily a tendency is 
almost invariably produced, in persons who use fermented 
drinks, to take more and more of them doi^ WLXat ^a^^ vd^ 
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in the end to find that it is almost impossible to esoape 
from the habit which has so been formed. A craving for 
the mmatural inflnenoe is set up, so that at the return of 
every meal and, too often, even more frequently, the 
seductive drink is looked for. This is one of the especial 
effects of the action of alcohol upon the nerves and the 
brain. It causes an almost irresistible desire for a re- 
newal of the influence. Habitual drunkenness springs 
almost invariably, in the first instance, from this cause. 

Even when people have the self-control and the proper 
moral sense to avoid actual intoxication, it still commonly 
happens that enough strong drink is taken, in consequence 
of this craving, to do harm in various ways ; and this is 
more sure to occur with weak than with strong persons, 
and with old than with younger people. So long as the 
purifying organs of the body remain in vigorous acticm 
and in unimpaired strength, they are able to expel the 
unnatural intruder. But when those organs lose their 
power, the injurious effect of the spirit upon the textures 
begins to tell. Many of the most distressing diseases to 
which the human frame is subject can be distinctly traced 
to this cause. 

As, therefore, it is perfectly clear that fermented drink 
is not necessary for the healthy action of the human 
frame; that it produces an unnatural craving 
which leads to more and more of it being consumed; 
that, when taken in quantities short of intoxicating ex- 
cess, it is yet prone to produce a dark state of 

the blood, and to derange the proper balance of the 
economy; and that, when consumed to an intoxicating 

degree, it is a rapidly destructive and danger- 
ous poison, it is simply a matter of self-defence to 
have as little to do with the treacherous agent as possible. 
long aa there remoinB any ^badow of a doubt as regards 
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its usefdlness in the system, it mnst be the part of a wise 
ordering of the habits, as well as of a sound economy, to 
secure the benefit of the doubt, and to regard fermented 
drink as a thing to be avoided rather than sought. One 
of the best exercises in self-denial and self-control that 
can be conceived is, the habitual abstinence from strong 
drink, because it is known to be a dangerous agent to toy 
with, and because it is not known that even its most 
moderate consumption is an unalloyed good. 

But, if this be the true state of the case, the keeping of 
so suspicious an influence and so seductive an enemy out 
of the hands of young people and children, becomes of 
even more momentous importance than that grown people 
should resist the temptation. To give strong drink to 
children, who can know nothing about these reasons for 
its avoidance, is a most cruel act. It is nearly certain to 
result in setting up the dangerous and almost irresistible 
craving before any power of self-control can have been 
established. Very few children, who have been used to 
beer and wine in their tenderest years, will ever be able 
to lay them aside in maturer life. Many cases of in- 
curable intemperance can be distinctly traced to habits 
quite innocently and unconsciously acquired in early 
childhood. «It is almost a rule with children that they 
dislike beer and wine when they flrst take them ; but, 
after they have been induced to drink them a few times, 
they begin to like them, and then, after a while, cannot 
do without them. It is certainly a maxim of the soundest 
domestic economy to see that no child of the house ever 
has beer, wine, or spirituous liquor of any kind placed 
within its reach. 
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LESSON XXXVI. 

TEA, COFFEE, AND COCOA. 

DEBIYATIONS. 

Extracted. — Drawn out. Lat. extrfiho. 

Excitement. — A stimulating, or rousing. Lat. excito, to stir, or 

rouse. 
Dispelled. — Driven away. Lat. dispello, to drive away. 
Dissipated. — Driven off, scattered. Lat. dissipatus, scattered. 
Astring^ent. — A substance that contracts soft living structures. 

Lat, astringo, to bind. 
Analogous. — Like, or similar to. 

Part I. 

The Bxtificial drinksthat are prepared from tea, coffeo, 
and cocoa, are used for the same reason as fermented 
beverages; namely, on account of the pleasant flavours 
they conununicate to the water, and of the agreeable 
sensations they produce. They are all, however, taken 
hot, being prepared at the time when they are used. 
Boiling water is poured over the dried leaves of the tea, 
or over the ground coffee or cocoa, and is then drunk 
when it has extracted from them the flavouring substances 
they contain. 

There is no ingredient in these drinks that is so 
treacherous and hurtful as ardent spirit. But there i% 
nevertheless, something in them that is capable of exerting 
an injurious effect upon the delicate organization of the 
human body, when they are injudiciously and intem- 
perately employed. This powerful ingredient can be 
easily made to xeveal itself in the case of tea. If a small 
quantity of the leaves \)e put into a watch glass, and this 
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be placed npon a hot iron plate, sucli as the top of a 
cooking range, and be lightly covered by paper, there 
soon begins to rise out from the tea a white vapour 
which collects both on the leaves and the paper, in the 
form of long shining crystals. This is a peculiar com- 
pound, manufactared by the leaves of the plant out of 
the four principal elements that are used in the formation 
of food-substances. Each molecule of the crystal contains 
in itself eight atoms of carbon, two atoms of nitrogen, five 
atoms of hydrogen, and three atoms of oxygen. This 
shining crystalline substance is the most important 
ingredient of the tea, and on that account is called 

theine. 

The substance thus extracted from tea has a very 
powerful action upon the living animal body. It first 
lessens the force of the heart's stroke, and diminishes the 
speed of the circulation of the blood. It then produces a 
feeling of gentle and pleasant excitement, very similar to 
the effect caused by taking nourishing food. If only as 
much be used as produces this effect, no hurtful result 
appears to follow. • If, however, larger quantities be 
taken, a somewhat distressing wakefulness is caused, and 
insensibility may even be produced. Still heavier doses 
lead to convulsions and death. In such quantities, there- 
fore, theine is an actual poison. The essential nature of 
this white crystalline substance appears to be of some- 
what the same character as the quinine which is extracted 
from Peruvian bark, and the morphia which is extracted 
from opium. About five grains of theine are enough to 
produce the full stimulant effects upon delicate organiza- 
tions. 

The quantity of theine contained in tea varies with its 
quality. In good ordinary tea there should be about (me 
hundred and seventy-five grains in each pound* K. 

o 
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spoonful of tea weighs something like seventj grains; 
consequently in each teaspoonful there would be from one 
to two, or possibly three, grains of theine. It will, there- 
fore, be easily understood that if people drink strong tea, 
and take many cups of it, they may possibly get more 
of this energetic white salt than is altogether good for 
them. 

Tea is the dried leaf of a shrub which belongs to the 
same natural family of plants as the camellia. It is a 
native of Bengal and probably of China, and is now 
cultivated for the sake of its leaf in Hindostan, China, 
and Japan. The leaf is plucked from the tree and dried 
by artificial heat. 

The fragrance of tea is due to an essential oil, which, 
as well as the crystalline theine, is formed by the plant 
and retained in the dried leaf. This oil is pleasantly 
stimulating, and does not possess any of the poisonous 
powers of the crystals. When tea is made, about one 
teaspoonful of the dried leaf should be allowed for 
each person, so that each individual should get at the 
most not more than from one to two grains of theine. 
Other substances of inferior power to the theine and the 
essential oil are also extracted from tea. If one hundred 
grains of good tea be first crushed and afterwards boiled 
until nothing more can be extracted by the water, and the 
water be then boiled down until it has all evaporated, 
there should remain about thirty-five grains of dry solid 
substance which has been extracted from the tea. 

Some of these solid matters are in all probability of a 
nutritious character, but it is only a very small portion of 
them that is taken up when tea is properly made ; because 
the object is to extract only the more delicate parts and 
to leave the coarser matters behind. When tea is boiled 
Jong enough to extract from it all the soluble portion^ 
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the fragrance is entirely lost, having then been dispelled 
by the continued heat. The best plan for preparing 
tea is to pour boiling water over it, and to allow it to 
stand for from five to seven minutes, before using it as 
drink. This secures the flavour of the essential oil and 
of the most delicate parts of the tea, and leaves the coarser 
ingredients untouched. Tea, when of good quality, well 
made, and judiciously taken, is a very refreshing and 
altogether wholesome beverage. Its exact influence upon 
the body is not fully understood, but it certainly quickens 
the movement of breathing and gently stimulates the in- 
tellectual operations of the brain. Its pleasant action, 
when used in a reasonable and moderate way, is in all 
probability due to some subtle power that it possesses of 
sustaining the nerve-substance in its work. Like fer- 
mented drinks, however, it is a luocury rather than a 
necessary of life. 



Part II. 

It is a curious and remarkable fact that both coffee and 
cocoa, which are the productions of plants in no way 
allied to the tea-shrub, nevertheless contain, amidst their 
other ingredients, a white crystalline substance that very 
closely resembles the theine of tea in appearance and 
chemical composition, and also in its influence upon the 
animal organization. This substance is called caffeine in 
the case of coffee, and theobromine in the case of cocoa. 
There are about forty-two grains of the crystals in each 
pound of coffee, and one hundred and Ave grains in each 
pound of cocoa. Both, therefore, contain much less Of this 
active principle than tea; and coffee considerably less, 
one reason for which, probably, being that coff^ ^ ^\^e^ 

o5L 
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jected to great heat in roasting, and that this drives off 
a considerable part of the volatile white crystal. 

Coffee is the seed of a shrub belonging to the great 
natural family of plants that yields Peruvian bark and 
ipecacuanha. The shrub was originally a native of 
Abyssinia, but was introduced into Arabia about three 
centuries ago. It is now cultivated, on account of the 
valuable properties of its seed, in many tropical countries, 
especially in Ceylon, Java, Brazil, and the West Indies. 

The seed, or bean, is contained in a pulpy fruit, and is 
principally composed of albumen. When this has been 
cleared of the outer pulp and of an inner dry husk, it is 
roasted in an iron pan over a hot fire, until the albumen 
is scorched into a crisp, brown substance. In this 
operation a fragrant oil is produced, which remains 
mingled with the albumen of the roasted bean, and 
becomes the immediate cause of the pleasant flavour of 
the beverage. As there is something more than two 
ounces of albuminoid substance in every pound of coffee, 
it * is necessarily more nutritious than tea. But the 
fragrant oil tends somewhat to retard the digestive 
process, and coffee is, therefore, not always wholesome to 
persons of delicate digestion, especially if taken strong 
immediately after a meal. 

Coffee needs to be freshly roasted and recently ground 
in order that it may be used at its best. It requires also 
to be made with judgment and skill, because the agreeable 
fragrance, which is its most valuable part, is easily 
dissipated by heat. One very good way of making coffee 
is simply to pass boiling water through the ground berry, 
placed upon a perforated strainer, over a suitable yessel. 
The boiling water then runs through the powder, and 
carries with it the fragrant oil and some part of the 
nutritiouB extract. Another excellent plan is to put half 
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the ground cofifee into cold water and bring it to the boil, 
to boil the other half in water for three minutes, and 
then to mix the two infusions. The first is found to 
contain the fragrance, and the second the bitter and 
nutritious extract. The one thing to be entirely avoided 
is boiling the infusion long and fiercely, because that 
effectually dissipates the fragrance. 

The cocoa plant is a native of South America, and is 
now cultivated in Brazil, Guiana, and Trinidad. It is 
the seeds of the plant which are employed, as in the case 
of coffee. They are contained in a pulpy fruit, are first 
removed from the pulp, and then dried, roasted, freed 
from their husks, and broken into coarse fragments, which 
are termed "cocoa nibs." The nibs contain about the 
same quantity of albimiinoid substance as coffee ; that is, 
a little more than two ounces to the pound. But there is, 
mixed with this, four times as large a quantity of fixed oil 
or fat. One pound of the crude cocoa contains something 
more than half a pound of this fat, or " cocoa butter." 

In the preparation sold as " soluble cocoa," some part 
of the butter has generally been removed, and the 
remaining part of the nib mixed with a certain quantity 
of starch. When boiling water is poured upon this 
mixture, the starch turns into a thick mucilage, in which 
the finely ground and oily cocoa is held suspended. The 
cocoa is not really soluble; it is only diffused through 
the gelatinized starch, so as to have the appearance of 
being so. Chocolate is cocoa ground up with sugar, 
vanilla, cinnamon, and occasionally with bitter almonds 
also. 

The abundance of butter, or fat, contained in cocoa, 
makes it mOre nutritious than either coffee or tea. Many 
persons, however, can only use those prepac8itiQ(&& ^1 \^ 
which have had much of the fat removodi. TVi^ ^^^JSMMEd^ 
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aroma of the nib is due to an essential oil, wliidh is 
formed, as in the case of coffee, in the process of roasting 
the albumen. When weU prepared, cocoa is a lighter 
and less stimulating beverage than either coffee or tea. 

The best way to use tea, coffee, and cocoa, is to take 
them made fairly good, and to restrict the quantity to a 
couple of small cups at a time. Large quantities of very 
weak hot tea and coffee are often more unwholesome than 
small quantities of the stronger beverage. Two great 
excellences of this class of artificial drinks are, that they 
do not unconsciously lead those who indulge in them to 
increase the quantity used, as the spirituous beverages 
do ; and that they do not produce any of the subtle and 
accumulative blood- and brain-poisoning which follows 
from the habitual use of fermented drinks. The dis- 
tinguished chemist Liebig considers that tea and coffee are 
very analogous in their nature and powers to soup. It is 
a somewhat curious fact that iron, which in many instances 
is a valuable blood medicine, is contained in tea in some 
subtle form of combination that does not allow its presence 
to be detected in the usual way; namely, by being turned 
into black ink under the agency of ordinary astringents^ 
such as tannin. 
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SECTION 3.-HEAT, CLOTHING, AND WASHING. 

LESSON xxxvn. 

SOURCE OF ANIMAL WABMTH. 

DERIVATIONS. 

Intimate . — Close. 

Contact.— Touch. 

Convert. — ^To change. 

Essential. — Necessary. 

Contaminated. — Made impure. Lot. contamino, to deRle. 

Exhaled. — Breathed out. 

Contraction. — A drawing together. 

Part I. 

The blood, which is returned to the heart after its jonmey 
through the capillary vessels that lie in all the textures of 
the body, is in a notably different state to that which is 
issned to the capillary vessels from the heart. It was of a 
brig^llt scarlet colour when it started on its journey, 
but it is of a dxQl purple hue when it gets back 
again after its passage through the frame. This change 
can be clearly traced to the capillary vessels where the 
movement of the current is the most sluggish, and where 
the blood is brought into the most intimate contact with 
the various textures it has to nourish. The blood, which 
enters the capillary vessels of a bright scarlet hue, 
comes out from them at the commencement of the veins 
of a dull purple tint. This change indicates that iki^ 
blood has been, to a certain extent, ei^cnlo^L iot S^ 
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nourislimg work dnring its passage through the narrow 
channels of those vessels. 

The change produced in the blood when it acquires 
this dark purple ti:|;it, is due to two distinct causes. 
A large portion of its nourishing substance is removed 
from it for the work of construction and repair as it 
flows through the narrow, thin-walled tubes ; but, besides 
this, the spoiled substance, which has accomplished its 
work of forming a part of the living textures, is at the 
same time drawn back into the blood. The blood, there- 
fore, is altered both by the loss of some part of its useful 
ingredients, and by the reception or addition of waste 
and refuse material. 

The waste substance, that is added to the blood as it 
streams through the narrow channels of the capillary 
part of the circulation, is of various kinds. All the 
several ingredients of the organized machinery that have 
done their work are thrown back into the current. But 
by far the largest part of the waste is composed of the 
solid element, carbon. The dark purple hue of the venous 
blood is merely this black element mingled in with the 
scarlet liquid in great abundance. 

But the black carbon cannot get back from the worn 
textures into the streaming blood in its solid state. In 
that state its coarse molecules could no more pass 
through the fine films of the capillary vessels, than 
coarse sand could pass through the pores of blotting- 
paper. What, therefore, happens is this. Energetic 
oxygen is carried in the scarlet blood into the capiUary 
network, and there seizes upon the carbon, converts it 
into the thin gaseous state of carbonic acid, as it is its 
nature to do ; and this carbonic acid then passes through 
the films and mingles with the blood-streams. The dark 
purple blood is highly charged with a superabundant 
quantity of carbonio acid gaa^ ^^^s^&X* ^^ \sn.^^ wattM 
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blood is as heavily charged with an excessiye qiMmtffy of 
pore oxygen. That this is nally the canse of the change 
of colour in the blood can be readily shown by direct 
experiment. If a little bright scarlet blood be shaken np 
with some carbonic acid gas in a glass bottle, it im- 
mediately becomes of a dark purple hue ; and if^ then, the 
dark purple blood be shaken up with some pore oxygen 
in another glass bottle, it is turned back again to the 
bright sciarlet colour. 

Here, therefore, is one very good reason why as much 
as 5000 grains of carbon must be added to the blood 
every day by means of the food. The flowing blood- 
streams are continually taking the carbon molecules out 
of the textures of the body, and other carbon molecules 
have to be returned as fast as these are removed. 

But one very remarkable consequence always results 
when carbon is united with oxygen to form carbonic 
acid gas. It is that result which is seen when a piece of 
carbon is burned in contact with the air; for the burning 
of carbon is nothing more than turning its dense sub- 
stance into the invisible compound gas by the consuming 
touch of oxygen. The burning carbon sets free, or makes 
sensible, a considerable quantity of heat* The fierce 
heat which melts iron in a furnace is all extracted from 
the carbon of coal through the instrumentality of the air- 
blast that is blown in upon it. The black substance is 
flown away with by the oxygen supplied by the air, and 
the heat, which was hidden in the black substance, but 
which cannot be retained in the same way in the 
carbonic acid, is left behind. In a blast iron-furnace in 
full work, more than half a ton of the black coal has to 
be carried in this way up the chimney every hour, in the 
form of invisible vapour, in order that the requisite 
amount of heat may be procured ; and., \x> cdxc^ %i^ vj ^^^gca 
half ixm of the black charcoal, not leea ^«si %a. Vsoa^ ^ 
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air, whioh contain something more than one ton of 
oxygen, have to be blown in upon the fire of the furnace. 
Half a ton of carbon requires six tons of air for its 
conversion into carbonic acid vapour. 

Exactly what occurs to the coal in the blast furnace of 
the iron foundry occurs also to some portion of the 
carbonaceous substance contained in the textures of the 
body. It is burned away under the blasts of oxygen that 
are conveyed to it in the bright scarlet blood. As 
much as half a pound of black carbon is burned up in the 
streaming blood of an adult human being in twenty-four 
hours. The only difference in the two cases is that, in 
the instance of the living body, the burning is slow 
instead of fast. Half a pound, instead of twelve tons, of 
the black fuel is consumed in the twenty-four hours. In 
order, however, to effect the burning of that half pound 
of carbon in the blood, eight pounds of air, or 90 cubic 
feet by measure, have to be furnished to fan the slow fire. 



Part II. 

All the heat which is set free in consequence of the 
burning of the half pound of carbon is left in the blood. 
It is that which makes the body warm. Whatever may 
be the heat of the air outside, the body itself is kept 
at a steady temperature of 98° of Fahrenheit's heat- 
scale, which is called in consequence blood heat. This 
amoimt of warmth is essential to the actions of life, and 
is mainly kept up by the burning of carbon in the blood ; 
and it is because carbon has this warming work to do, 
over and above its structure-buildiug offices, that so 
much as 5000 grains of it per day have to be fumifihed 
ID the food. 
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The. carbonic acid Yaponr, which is generated in the 
blood by the bnming of the combustible carbon, is 
carried on in the blood-streams, whose bright scarlet 
colonr it has changed into the dull pnrple hoe. Bnt the 
spoiled blood thus laden with carbonaceoos yaponr is not 
fit for farther work in nonrishing the frame until it has 
been purified from these heavy fames. It is, therefore, 
not returned to the bright-coloured pure blood in the 
heart, but conveyed to a separate chamber, and from that 
it is sent to the purifying organ called the lungs, where the 
carbon-vapour is exhaled away and fresh oxygen taken in 
in its place. The act of purification is brought about by 
the familiar operation known as breathing. Under the 
movements of the chest which accompany breathing, fresh, 
richly oxygenized air is drawn through the mouth 
to be mingled with the blood in the lungs, and impure, 
heavily carbonized air is poured out from the mouth. 

The heart, therefore, consists of two distinct chambers, 
a right chamber and a left. The left side of the heart 
distributes bright scarlet and pure blood out to the 
capillary vessels of all parts of the frame ; the right side 
of the heart sends dark purple and impure blood to the 
lungs, to be freed from its vapours and recharged with 
fresh air, or oxygen. The left side of the heart receives 
the purified blood back from the lungs; the right side 
receives the impure dark blood from all the structures of 
the frame. The mingling of the air with the blood in 
the lungs is managed by what is virtually a repetition of 
the process adopted throughout the structures of the body. 
The large pipe which leaves the heart branches out at 
last into a vast myriad of intermeshed capillary vessels 
that spread throughout the substance of the lungs, and 
these are then gatiiered up again into larger and lar^ec 
tubes as they return to the heart. In ^e \xai^^\iss^^^^s^^ 
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the capillary vessels are spread over the walls of pnffed- 
out chambers, which are 'filled with air. As the blood- 
cnrrents stream through the capillary vessels thus spread 
over the air-chambers, the blood in their channels is 
separated from the air by only the thinnest film of 
organized membrane. Through this film the air and the 
blood act freely upon each other. Oxygen passes through 
the film to the blood, and carbonic acid passes as freely 
from the blood into the air. The air, which goes into 
the mouth in breathing, is pure air laden with oxygen, 
but the air, which comes out of the mouth as the expira- 
tion, or outward breath, is impure air laden with carbonic 
acid vapour. 
There are thus two distinct circulations of the blood ; 

the circulation of pure, brightly-coloured blood 
through all the structures of the frame to do 
in them the work of nourishment and to be contaminated, 
or spoiled, in the act ; and the circulation of impure, 

dark-coloured blood through the lungs to 

ho there purified. 

The oxygen which enters the blood in the lungs at 
once attaches itself to the little floating corpuscles, and 
changes their dark purple into a scarlet hue. As the 
colour of the blood is seated in the corpuscles, it is clear 
that in those corpuscles the oxygen must be placed. So, 
in the same way, the dense carbon-vapours are carried in 
the corpuscles, for it is in them that the dark purple 
colour is concentrated. The red corpuscles thus serve 
the important office of carriers of gas. They convey 
the ever-active oxygen from the lungs to all parts of the 
body, to blow up the gentle fires that depend upon the 
consumption of the carbon ; and they carry back from 
those parts to the lungs the carbonized vapours that are 
the roBult of that conBumptiou. The liq[uid blood which 
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circulates throngli the capillary yessels of the frame 
always contains as much as half its own bulk of free 
vapour or gas. Fifty cubic inches of gas could at any 
time be extracted from 100 cubic inches of blood. But 
of those 50 cubic inches, it would be found that, about 
15 cubic inches were made of pure oxygen, on its way to 
blow up the hidden and gentle fires of the system, whilst 
about 80 cubic inches are the heavy and suffocating 
carbonic acid vapours, produced by those fires, on their 
way back to the limgs to escape out of the body. 

The red corpuscles which carry the oxygon from tho 
lungs to the living structures are singularly well adapted 
for this particular work. The red liquid of the corpuscle, 
or hsematin, can hold in itself very much more oxygen 
than even pure water can. But it nevertheless holds it 
so lightly that it is ready to give it up on tho instant 
whenever it is required. As the red corpuscles have Ut 
return to the lungs after the delivery of their oxygon, tho 
opportunity is seized to employ them to carry back a 
return load. But the load sent back is tho heavy and 
waste carbonic acid which needs to bo got rid of, and 
which, after reaching the lungs, is cxhaleil from th<;ia 
with the breath. 

There is, of course, no direct communication h^wMtu 
the two cavities of the heart to which tho two diMtin/;! 
circulations belong. It is as if two hearts wiira i\muul 
side by side and beating together. They arft two fonnv' 
pumps acting with a single stroke. One siriglo Umi fmly 
is felt each time the heart drives out iin hhHul^ U^/mimt 
the two separate sides act together at tho mutti iimUiuif iff 
as if they were one. The sonmU of tbi^ two (WlU^rttui 
contractions can be heard, and distinguiMh^;^! huui muh 
other, but only bj the most experienced tarN, 
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LESSON xxxvm. 

SOURCE OF ANIMAL ACTIVITY AND POWER. 

DERIVATIONS. 

Vital. — Belonging to life. Lat. vita, life. 
Combination. — A close union of two or more things. 
Developed. — Opened out, unfolded. Lat. devolvo, to roll back. 
Generate. — ^To produce, to cause to be. Lat, g^SnSro, to make, 

or create. 
Permeate. — To pass through. 
Transmission. — A passing from one thing to another. Lat 

transmissio, a passing over. 

Part I. 

The food which is consumed by a living human being is 
applied to two altogether distinct purposes. One portion 
of it is turned into the actual structure of the body, in 
order that the waste and the wear and tear due to its 
several movements and activities may be repaired. That 
part is applied to the mere building, or renewing opera- 
tions, or, as is familiarly said, to nourishing the fneune. 
Another portion of the food is employed solely in giving 
movement and activity to the several parts that are formed 
and kept in repair by the nourishment. Out of this has 
arisen the commonly accepted division of the food-sub- 
stances into what have been called flesll-forniers, and 
force-producers. The term "flesh-formers," how- 
ever, must be understood in a somewhat wide sense, 
because it refers not only to " flesh," or muscular fibre, 
but to all the other textures of the body which are built 
up by an elaborate and definite process of organization, 
such as gristle, bone, skin, nerve, and brain. 
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The quantity of the food used in mere building, or 
structural work, is very small in comparison with the 
amount consumed for the production of movement and 
activity. All the substances which are required for the 
building purposes of the frame are derived from the 
serum of the blood and from the red liquid of the little 
corpuscles. What appears to take place in the building up 
and maintenance of the structures of the body is that, as 
the blood is flushed through the capillary vessels chan- 
nelled out in those structures, molecules are loosened from 
the built-up mass by a process of decomposition, or 
severing from the rest, and are thrown back into the 
liquid of the blood ; and other fresh molecules are selected 
from the blood and packed into the place of those which 
have been removed. Each different kind of structure 
takes from the blood just those particular ingredients that 
are adapted to its special wants. 

The term '' flesh-formers " is convenient so long as it is 
understood to imply that it is the plastic and nitrogen- 
containing ingredients of the food and of the blood, such 
as the albumen and fibrin, which are principally drawn 
upon for the building work. But it is in some measure 
questionable on the ground of strict scientific accuracy, 
because the other kinds of ingredients of the food and 
blood, which have no nitrogen in their composition and 
which are not classed as fiesh-formers, do in some 
degree also contribute to the building work. Thus, there 
is no doubt that oil, which has no trace of nitrogen in its 
composition and which is classed as a force-producer, 
is used in building up many of the structures of the 
frame. Some portions of the oil, or fat are themselves 
derived from the albuminous, nitrogen-containing ingre- 
dients of the food. Animals, like pigs, which are kept 
to be turned into food, cannot be fattened unless (k <^tl- 



208 HEAT, CLOTHING, AND WASHING. 

siderable quantity of glutinous material is given to tbem 
with starch. So, in the same way, there is no doubt that 
even sugar itself is made in the living body out of 
albumen. 

It is also equally clear that some portion of the flesh- 
forming, or plastic, ingredients of the food, is consumed 
for the mere production of force, or vital activity and 
power. The fact seems to be that the albuminous, or 
nitrogen-containing ingredients of the blood and of the 
body are split up into two classes of products when de- 
composed under the operations of life ; of which one class 
is still a nitrogenized substance, whilst the other class 
contains only the more simple unnitrogenized products, 
such as sugar, starch, and oil, which are in the end burned, 
under further additions of oxygen, and so converted into 
carbonic acid and watery vapours. 

The three principal ingredients of the food, namely, 
the albuminous, the amyloid, and the oleaginous, are in 
truth all of them composed of an easily oxidized material, 
that is, of substances prone to be burned by the addition 
of oxygen from the air. A small portion of all of them 
is first taken to be built up into structure before the burn- 
ing is commenced ; but the rest is entirely burned in the 
blood in order that force may be got out of the burning ; 
as heat is got out of coal while it is burned in a furnace, 
or a fire, and as light is got out of oil that is burned in a 
lamp. 

When these combustible food-substances are burned in 
the body through their combination with oxygen, the 
" force " which is produced may be manifested in three 
different ways. It may either reveal itself directly as 
heat, which then constitutes the warmth of the body. Or 
it may show itself in connection with the muacalar 
texture as movement. Or it may appear in ooimeotioa 
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with the nerFe-textme and brain-texture as feeling, Tolnn- 
tary impulse, and thought. These are all difEiBrent forma 
assnmed by the foice that is aet free by the consomptioii 
of food. The moYement, again, which is manifested 
through tiie muscular texture, is of two distinct kinds. 
It is either internal movement, such as is shown in the 
beating of die heart and the play of the chest to keep up 
the breathing; or it is external moYcment, that is, the 
conyeyance of the animal about from plaee to place 
upon its limbs and the employment of those limbs in 
mechanical work of any kind whatever. 



Fart IL 

Thb amount of work that is perfumed in the body of an 
animal, through the consumption of food, is surprisingly 
large, when the smallness of the material employed for 
the purpose is considered. Thus the heart of a man beats 
something more than one hundred thousand times in 
twenty-four hours, to drive twenty pounds, or so, of blood 
fourteen hundred times through the textures of the frame. 
The muscular effort which is exerted by the fibres of the 
heart to accomplish this circulation of the blood for 
twenty-four hours, if employed in lifting a weight instead 
of merely pumping a liquid, would be able to lift 121 
tons of heavy material one foot high* The muscular 
movement which produces the action of breathing, if 
applied in a similar way, would also lift eleven tons one 
foot high. The heat which is developed in twenty-four 
hours in a human body of average strength and size, if 
employed as mechanical power, as it would be, for instance, 
if made to generate steam out of water in a steam «ii|^&ft^ 
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would be able to lift, according to some good anthoritie% 
Dearly 3180 tons one foot high. 

The external work which can be done by a man of 
average strength, that is, by walking about, digging the 
ground, or hammering iron, amounts to a force which, if 
employed in a different way, would be able to lift 350 
tons one foot high. It will thus appear that the external 
work which is got out of a human machine from the con- 
sumption of its food, is but a small fraction compared 
with the work which is devoted to the internal actions of 
life and to the warming of the frame. It is, indeed, only 
as about one to nine. The amount of force which is ex- 
pended in mere mental work, that is, in the work of the 
brain, is not easily estimated. But, for all practical pur- 
poses, it may be considered that the force capable of lift- 
ing 350 tons one foot high every twenty-four hours is 
really divided between external work and mental labour, 
and that for this reason people are seldom able to perform 
very heavy tasks both of intellectual labour and of 
muscular effort. The strength which is employed for 
the one ceases to be available for the other. 

The result of these considerations is, therefore, this 
very marvellous fact. In the mechanical organization of 
the living human body, the mechanism is so skilfully and 
admirably contrived, that, by the consumption of merely 
one pound and a quarter of dry food-substance, or fuel, as 
much active force is produced as would sufiGice to lift 
something more than 3000 tons one foot high, and, over 
and above this, all the substance is furnished which is 
required to keep the machine itself in good working 
order and in efficient repair. 

It is, at the first glance, a somewhat startling djcunb 

stance that so very large a proportion of the food con- 

£umed by a human being should be used simj^ for 
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warming the body. Wherever, in the interior recesses of 
the living frame, carbon is being united with oxygen and 
carbonic acid vapour produced, heat is generated. Each 
little loop of the capillary vessels that permeate the 
textures is, so to speak, a miniature fire-place. All the 
heat, however, which is developed in these fire-places, is 
communicated to the blood, and is carried on by it, as it 
circulates, through all parts of the system. The body is 
like a large manufactory warmed by hot-water pipes, the 
heat of which is generated in certain parts of the tubes, 
but is then carried on by the water, and equally diffused 
throughout the building. By this process the tempera- 
ture of the body is steadily maintained everywhere at 
about 98^ of Fahrenheit's scale. 

For some considerable time it was supposed that the 
chief, if not exclusive, reason for the warmth of the body 
was that, at this temperature of 98°, all the various pro- 
cesses of change, such as the conversion of food-substance 
into blood, of blood into structure, and of structure into 
activity and force, were more easily accomplished. It is 
now, however, suspected that there is more than this in 
the large expenditure of food which is made for warming 
purposes. 

Some few years ago Professor Tyndall, of the Eoyal 
Institution of London, wrote a book called '* Heat a Mode 
of Motion," in which it was shown that, in the processes of 
nature, heat is the great store-supply of energy and force 
which can be changed into almost any kind of power, and 
which can be made to do work of almost any character. 

This doctrine at once suggests that much of the heat, 
which is so abundantly produced in the living animal 
body, is turned to account by being converted into activity 
of some other kind, such as the movement of the fibres 
of the flesh, the transmission of the impolsea oi ^^«>Tvan«i«, 
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and the prodnction of feeling and thought. If this be 
the case, then heat is a *' mode of motion " in the economy 
of the living frame as mnch as in the mechanical opera- 
tions of unliving nature ; and it becomes correct to speak 
of the " heat-producing " substances of the food, Budt as 
sugar, starch, and oil, as being, at the same time, ^ force- 
producers " in the operations of animal life. But, here 
again, what has been already said must be distinctly 
borne in mind, namely, that both the albuminous and 
glutinous ingredients of the food are burnt up in the body 
and the blood, and yield heat and force as they are re- 
solved under the consuming tooth of oxygen into their 
simpler elements ; and that both also contribute, each in 
its proper degree, to the work of building up and re- 
newing the several textures of the frame. 
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ARTIFICIAL FIRES AND FUEL. 

DKRIYATIONS. 

Solar. — Belonging to the snn. Lat, sol, the sun. 
Direction. — ^A straight way towards. 
Consiunption. — ^Destmction by heat. 

£2fQ.ciexit. — Producing an effect. Lot. efHtcio, to bring to pass. 
Damper. — ^A valve in a chimney to control the draught. Germ, 
dampf , fume, or vapour. 

Part L 

Thb great natural fire of tbe earth is the san« In the 
Torrid or burning Zone of the earth the snn shines down 
upon the terrestrial surface with such intensity of heat 
that, although the night is twelve hours long all the year 
round, there is nevertheless more warmth than human 
beings require for their comfort, without any help from 
artificial fires. The heat received by the earth from the 
sun in one year, if evenly spread over the entire surfEK^e, 
would be sufi&cient to melt a coating of ice 100 miles 
thick, encasing the globe like a shelL The heat which 
is given off from the sun every year is as much as would 
be produced by the burning of a layer of coals seventeen 
miles thick, and as large as the entire surface of the sun, 
and that is twelve thousand times larger than the surf&ce 
of the earth. So vast a fire is the sun ! 

But the heat from the sun is not evenly spread over 
the entire surface of the earth. On the contrary, by far 
the greater part of it falls on the torrid zone which lies, 
like a broad girdle, midway between the terrestrial poles* 



I 
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Around the poles themselyes so small a portion of the 
solar heat is received, that ice and snow remain there all 
the year round. In the temperate regions, which lie 
between these frozen districts and the torrid zone, seasons 
of summer warmth and winter cold divide the year, and, 
during the winter's cold, men have learned to supplement 
the Sim's heat by artificial fires, and so to keep, at least 
the interior of their dwellings, at such a pleasant temperar 
ture as does not allow the natural warmth of their bodies 
to be carried away too rapidly for the comfort and pur- 
poses of life. 

The artificial fires that are used in winter time by 
all civilized people are made either of wood recently 
grown in the sunshine, or of wood of an older time which 
has been buried in beds in the earth, and which is dug 
up from the ground to be turned to account for purposes 
of heating, and then called coal. 

Wood, it will be remembered, is made of carbon, 
hydrogen, and oxygen, which have been built into vege- 
table structure by the fabricating power of plants, and 
which have had stores of warm sunshine buried away 
amongst the molecules they have formed. The sunshine 
thus buried away in the wood is, indeed, the force which 
is used to keep the three elements bound together as 
wood. When dry wood is burned in the fire, more 
oxygen is taken from the air, and all the carbon and 
hydrogen of its texture, under the consuming touch of 
that oxygen, are .changed into the compound gas, carbonic 
acid, and into the vapour of water, or steam. The wood 
disappears almost entirely, because it is transformed into 
these invisible vapours. But the warm sunshine, whieh 
had been stored away amidst the elements to keep them 
bound up in the complex woody state, being then no 
longer required to perform that work, is set free, and leaps 
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back into sight as brilliant flame, which flame after all is 
therefore but an offshoot from nature's great Are, the 
sunshine I 

Coal, which is merely partially decayed wood that was 
grown on the surface of the earth, in sunshine, many 
thousand years ago, and that has since been buried deep 
in the ground, is composed almost entirely of the two 
combastible elements, carbon and hydrogen. When it is 
burned, the sunshine, which was buried in it thousands of 
years ago, is got back out of the black mass, and once more 
turned to account in producing useful heat. 

When coal is burned in a Are, a strong blast of air is, in 
some way, blown in upon it, after it has been raised by 
means of flame to a high temperature. What then happens 
is that atoms of oxygen from the air seize upon atoms 
of the carbon of the coal and fly away with them ae 
carbonic acid. Other atoms of oxygen seize upon the 
hydrogen of the coal and fly away with it as water. Both 
the carbonic acid and the water, thus produced, are in the 
state of invisible vapour, and are carried away up the chim- 
ney. Some small fragments of the coal are also hurried 
away with the ascending currents of the invisible vapours 
before they have had time to be burned. These uncon- 
sumed, but finely broken up, fragments of the coal are 
seen streaming away up the chimney, making with the 
ascending vapours dark masses of smoke. 

Coke, which is also used as fuel for the production of 
artificial fires, is simply coal from which a portion of the 
carbon and all the hydrogen have already been removed, 
and which therefore turns entirely into carbonic acid gas 
when it is burned. Precisely in the same way cliarcoal 
is wood from which some of the carbon and all the 
hydrogen have already been removed. Whenever the 
fuel in a fire burns with a flame, it do^ %o 




216 HSAT, OLormNG, Axrt> wAfiHora. 

hydrogen is there in the process of being cansomed. 
Whenever it bums with a dull red heat, it is carbon alone 
that is undergoing combustion and being united with 
oxygen. 



Part II. 

The current of air, which blows in upon a fire and hekps 
to carry the carbonic acid and watery vapour up the 
chimney, is mainly caused by the difference of the density 
of the heated air, that is contained in the chimney over 
the fire, and of the cooler air contained in the room. The 
warm air in the chimney is light, and the cool air in the 
room is heavy. The cool heavy air presses in throng 
the windows and doors of the room and even through the 
invisible pores of its walls, by mere virtue of its greater 
weight. It presses upon the air that is within the 
chimney as well as upon all parts of the inside of the 
room. But as the air in that chimney is hot, and there- 
fore lighter, bulk for bulk, than tiie cold air of the room, 
it has to give way under the greater pressure and to flow 
before it in the only direction in which it can go, that is, 
up through the chimney and out at its open upper end. 
The hotter and lighter the air is in the chimney, the 
greater the speed with which it is pushed up out of the 
way by the heavier air pressing against it beneath. It is 
by this simple plan that an air-current is maintained to 
do the important work of fanning the fire. 

In order that a steady current of air may be produced 

and sustained, the all-important need is that the throat of 

the chimney shall come closely down over the fire. All 

the upward moving air is then forced to rush through the 

burning fuel, to turn it into vapour, and so generate more 
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heat. If the current of air be too strong and the fire 
too fierce, the proper remedy is to diminish the size of the 
chimney, so that there shall not be so much room for the 
current to force itself up. The down-draughts and un- 
steady movements of the air which cause smoky chimneys 
are almost always due to the open apace above the fire 
being too large, and the proper remedy for that mischief 
is to lessen that space, and not to meddle with the 
chimney-pots above, as is so commonly done. The great 
secret of a steady draught for a fire is to have a low 
chimney-throat, and the chimney-shafb within of a pro- 
perly adjusted size. When the chimney-shaft is too large 
the quickened draught carries away up the chimney much 
of the heat that ought to find its way into the room, and, 
then, although there is a good draught and bright fire, 
there is a wasteful and excessive consumption of fuel. 

In the closed kitchener, which is now so commonly 
used for cooking, the excellence of the stove depends 
upon the efficient way in which these particular con- 
ditions of a strong steady draught and a limited chimney- 
space are provided for. The fire itself is almost enclosed 
in a square box, with no open space at all left between 
the burning fuel and the inlet into the chimney. The 
air, therefore, has to blow through the fire to get into the 
chimney. The passage beyond the fire, by which it flows 
into the chimney-shaft, is narrowed into a very small 
flue, and this turns round about the boiler and the ovens, 
in order to give up a large quantity of the heat that is 
passing through it to those parts of the range. At the 
same time this plan limits the consumption of fuel in 
proportion to the narrowness of the space that is left for 
the passage of the air into the chimney-shaft. The narrow 
flues of the kitchener have to be kept clear of soot, which 
is the loosened fragments of the unbunvt Ixsl^V^ X^^sa^'e^ 
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snch .deposits would prevent the already narrow pas- 
sages from affording proper space for the current. 

The one addition to the top of a chimney which does 
improve the draught of a fire, and tend to remove any 
inclination to smoke, is a tall chimney-pot, to increase 
the actual length of the shaft. Long chimneys cause 
stronger and steadier draughts than short ones, because 
with them there is a longer column of light heated air to 
be pressed up from below by the heavier column ; that is, 
with a long chimney there is more difference between 
the weight of the air in the chimney and that in the room 
than there is with a short one, and the more difference 
there is in the weight of these two, the stronger must be 
the current which is forced up the chimney. A very 
light column of air gives way to the pressure of heavy air 
more rapidly and easily than one which is less light. 

When, at any time, the draught is too strong, an im- 
necessarily large amount of fuel is consumed, and much 
of the heat generated is wastefuUy carried up the chimney 
with the ascending current. The proper remedy for this 
evil is to make the chimney itself narrower, either by the 
introduction of a damper into its shaft, or by some similar 
contrivance. The consumption of fuel and waste of 
heat are then lessened, but the upcast of the air continues 
to be steadily and efficiently maintained. Most fires can 
be made to draw well, and to burn economically, by the 
judicious application and adjustment of these two ex- 
pedients. 



\ 
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LESSON XL. 

THE NATURE OF HEAT. 

DERIVATIONS. 

Pulsate. — ^To beat, or throb. Lat. pulso, to beat. 

Vibrating^. — Swingiag, or moving to and fro. Lat, vibro, to make 

tremble. 
Constitute. — ^To compose. 
Impulse. — Push, force commnnicated. Lat. impello, to thrust or 

drive. 
Comparatively. — In relation with. 
DifEiision. — A spreading about. 
Energy. — Inherent strength or force. 
Expand. — ^To swell out, or enlarge. 
Temperature.— Degree of heat. 
Intervening^. — Coming between. 

Part I. 

It was for a long time conceived that heat was a kind of 
fluid substance which was capable of being poured in, 
and of being drawn away from, between the molecules of 
bodies. It is now, however, understood to be far more 
probable that it is an active movement in the very mole- 
cules of bodies themselves. When a solid body is made 
warm, the little molecules of which its substance is 
composed are caused to vibrate, or tremble. Each mole- 
cule pulsates, or beats, for a short distance, to and fro, 
amongst its neighbours, first striking to the right and 
then to the left. The greater the heat, the larger are 
these beats, until at last they become so large that the 
molecules fall apart under their own restless blows. 
The body is then changed from the solid into the gaseous 
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state, on account of the wide separation, or sundering, of 
its elementary parts. 

Since the molecules of bodies pulsate, or beat to and 
fro, to a wider extent when those bodies are hot than 
when they are cold, it follows that bodies must be of 
larger dimension, or occupy larger space, when hot than 
when cold ; more room must be required when the mole- 
cules make wider excursions to and fro amidst each other 
than when their mov^ents are kept within narrower 
bounds. 

When bodies are changed from the solid into the liquid 
state, the pulsating, or vibrating molecules are pushed 
judt so far apart by their beating to and fro, that they 
are able to slip and slide about over each other without 
getting very far asunder. It is this condition of matters 
that constitutes the liquid state. When, however, in 
consequence of some stronger impulse, they are made to 
move farther and farther each way, they at last cease to 
be able to remain near together at all, but fly off from 
each other, until there are comparatively large interspaces, 
or intervals, between them. The liquid state is then con- 
verted into that of thin and wide diffusion which marks 
the gaseous condition. 

In gases the pulsating, or to and fro beating of the 
molecules is changed into an altogether forward move- 
ment, in which the molecules dash off in straight lines as 
far as they can go. The greater the heat, the more ener- 
getic and rapid the forward rush of the molecules. Each 
molecule moves like a ball that is tossed into sx>ace, 
striking against any other molecules that lie in its course, 
and being made to rebound from them ; striking also 
against solid surfaces that stand in the path, and re- 
bounding thence in the same way. When a gas is 
contadned in a glass bottle, or jar, it is conceived that 
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the pressure it exerts upon the inside of the jar is 
caused by the energetic blows of the countless number of 
little clashing molecules imprisoned in the vessel, which 
are exerting themselves to get free. There is more 
internal pressure produced when the gas becomes hotter, 
because the rapidity and energy of the molecular blows, 
or, in other words, the speed of the molecular movement, 
is then quickened. Calculations have actually been made 
of the speed with which the clashing molecules of gases 
rush about. It is estimated, for instance, that, even at 
the temperature of ice, the molecules of the extremely 
light gas, hydrogen, move with a speed which carries any 
one of them through 6097 feet, or more than a mile — 
which contains 5280 feet — every second. 

All nature is thus conceived to be in unceasing move- 
ment, so long as it has any warmth. As the warmth is 
withdrawn, the movements become less and less. But, 
only under the circumstance of the entire withdrawal of 
heat, could nature become altogether dead and still. 

This explanation makes it very easy to imderstand why 
vapour rises up from the surface of liquid water. When 
any quantity of water is warmed, its molecules begin to 
vibrate, or dance to and fro, and, in the lower parts of 
the water, whichever way those molecules move, they are 
met by other molecules like themselves and are driven 
back. But, upon the immediate surface of the water, 
there will of necessity be a layer of molecules that have 
other water - molecules below them, but none above. 
These upper molecules, having then pressed downwards 
imtil they are met by the vibrating molecules below, are 
tossed off from them, and, finding no resistance from 
water-molecules above, they bound off in that direction 
into the air, and begin there the free roaming of vapour, 
or gas. 
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Wben teater ie made to boil, the moleculea are le 
BO active is their pakatiiig movements that thej 
aannder into the state of vapoiir, or gaa, oYoa 
sabstance of the water, ae well as upon its enr&i 
then rise up thioagh that eubstaace as bubbles of 
In ascertaining whether water is boiling, it is nei 
to make snre that the bnbblce of steam are really 
through the liquid in tbie nay, and that it is not : 
bot Taponr from the sorface which is escaping. 
a kettle »ing» before the water in it is boiling hi 
ie dne to Email quantities of steam being formei 
the bottom of the kettle, where the heat of the fii 
most, and rising up into the water, Bnt, befot 
steam can get through the water, it is tnmed bac 
the liquid state, and does not escapa Steam ca: 
escape rapidly from water when the whole substa 
the water is as hot as the steam; then the stea 
keep in the gaseous condition and is not tomet 
into « liquid, as it passes up through the water. 



Part n. 
DtFFBKEKT bodies expand to a different extent mid 
infinenoe of heat. This affords a very convenient 
for constructing instruments for measuring heat. 
the most common instrament of this olass is that ci 
" thermometer, " a word which is merely the Qree! 
for " beat measure." The thermometer is a small 
tube enlarged into a bulb at the bottom, and cont 
in its interior a certain quantity of either quickgil 
spirit of wine. The glass tube is entlrdy oloc 
sealed up, and this is done in such a way that then 
air in the part of the tube not occupied by the qoiol 
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or spirit. When the thermometer, thus formed, is heated, 
it expands or grows larger ; but the quicksilver contained 
in the interior expands more than the glass itself. Since 
it expands, it occupies more space, and must therefore be 
driven up farther into the narrow stem of the tube. When 
the quicksilver cools, it contracts and is drawn back in 
the stem towards the bulb. The distance to which it is 
either pushed up or drawn down in the tube thus 
shows the degree of heat or of cold to which it has 
been exposed. 

In order to mark what the exact heat is that the instru- 
ment indicates, it is first put into melting ice, and 
when the quicksilver has been drawn in towards the bulb 
as far as it will go at that temperature, a scratch is made 
upon the stem of the glass tube. It thenceforth marks 
the position of the quicksilver for freezing water, and 
is called the freezing point. The instrument is 
next put into boiling water, and when the quicksilver has 
been pushed up as far as it will go under that heat, a 
scratch is made where the quicksilver-column then stands, 
and this fixes the position for the boiling point. 
The glass tube is then measured off between those two 
points into a certain number of equal spaces or degrees. 
Very commonly one hundred of these equal spaces are 
measured and marked, and the instrument is then called 
a " Centigrade " or " hundred step " thermometer. In 
such a thermometer, the degree for the freezing of water 
is called zeroy or ; and the degree for the boiling of 
water 100. 

In the thermometer, which is most used in England, 
however, 180 steps, or degrees, are measured off between 
the freezing and the boiling points, and the freezing point 
is put at 82% and the boiling point at 212^. The instru- 
ment marked in this way is called FalirenIieUi'%^^^^- 
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mometer, because it was first contriyed by a Dutch 
instrument-maker of that name living at Amsterdam 
about a century and a half ago. In the Fahrenheit's 
scale, 32° of precisely the same size are carried down 
below the freezing point, and the lowest one of those 32 
is considered to be zero, or 0. 

Thermometers are also sometimes marked with another 
kind of scale. The freezing point is made zero, or 0, 
and the boiling point 80, the intervening space on the 
tube being divided into 80 steps, or degrees. Ther«* 
mometers with this kind of scale are called " Eeaumur's," 
because they were first made in Paris by a scientific 
Frenchman of that name, also about a century and a half 
ago. Beaumur's thermometer was in reality constructed 
before the Centigrade, the latter being simply the im- 
provement of using the more convenient number of 100, 
in the place of 80, as that of the intervening degrees. 
The Swedes and Danes still use the Eeaumur scale in 
preference to either of the others. 

Quicksilver and spirit of wine are used for charging 
the interior spaces of thermometers, because neither of 
these liquids freezes until exposed to cold very much 
greater than that which is sufficient for freezing water. 
Quicksilver does not freeze imtil the cold is 39° of Fah- 
renheit's scale lower than zero, or 71° colder than ice. 
At that temperature, which is one often met with in the 
Arctic regions of the earth, the quicksilver is turned into 
a solid metal, like lead. Strong spirit of wine cannot be 
frozen by any degree of cold that has been yet produced, 
although it has been exposed to temperatures 220° of 
Fahrenheit's scale lower than zero. 

The heat of the blood of a healthy human being, marked 

as blood heat on the scale, is 98° ; 76° is called suxn- 

m.eT lieaty because such is the temperature of the air 
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in a warm smnmer day. 55° is marked Temperate, 
because when the air is of that warmth, people who are 
in exercise, or moving about, do not feel either hot or 
cold. "Temperate" is derived from the Latin word 
" temperatus," which signifies moderate, or mild. The 
highest naturiEil air-temperature which has ever been ex- 
perienced is 140° of Fahrenheit's scale, and the greatest 
natural cold ever experienced was not quite 74° below 
zero. The extreme degrees of air-temperature upon the 
earth are, therefore, about the same number of degrees 
apart as boiling and freezing water. The fiercest summer 
of India is about as much hotter than the greatest cold 
of the desolate ice-wastes of the Pole, as boiling water is 
hotter than ice. It is probable that the temperature 
at which all bodies on the earth would become solid, and 
all nature be fixed and dead, would be about 490 of 
Fahrenheit's degrees below zero. 
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LESSON 2X1. ■ 

. THE DIFFUSION OF HEAT. 

DBRIYATIONS. 

Conduction. — ^A leading along. Lat conduco, te lead along, or 

conduct. 
Convection. — A carrying along. Lat, convSlio, to carry. 
Radiation. — A raying out. Lat, rfidiiis, a sunbeam, or ray. 
Absorb. — ^To suck up, or drink in. Lat, absorbeo, to suck up. 

Part I. 

Thebb is no sucli thing as cold. Gold cmly means less 
heat. When bodies in nature are of different tempera- 
tures, some more and some less hot, they immediately 
begin to make the division of heat unong themselveB 
more equal. Those which are the hottest begin to give 
some of their excess of heat to those which are less hot. 
The colder bodies begin to receive heat from those which 
are warmer. If the hand be placed upon a body hotter 
than itself, that body feels warm, because it gives some of 
its heat to the hand. But, if the hand be placed upon 
a body which is not so hot as itself, it gives some part 
of its heat to the body, and that body feels cold, because 
it takes heat from the hand. The idea of there being 
such an existence, or state, as cold comes merely from 
the living human body having a natural heat of its own 
of 98°. All objects that have less heat than this are 
capable of receiving heat from the human body, and of 
causing in it the sensation of cold, on account of their 
taking heat away. Cold objects are merely objects that 
have less heat in them than the living human body ; and 
one object is said to be xx)lder than another when it has 
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less heat in it, and is therefore capable of taking some 
heat away. 

Heat is communicated from one body to another by 
three different methods, which, for conyenience sake, have 
received each a different name. The three different ways 
in which heat is scattered about, or communicated from 
body to body, are conduction, or leading ;. convec- 
tion, or carrying ; and radiation, or raying. 

If the end of an iron poker be put into a fire, it soon 
becomes hot, and the heat which it receives from the fire 
travels along very slowly to the opposite end,, until it 
can be felt by the hand that that end too is hot. This is an 
instance of the communication of heat by conduction* 
The heat is led along from one end of the poker to the 
other. The increased beating to and fro, or vibration, of 
the molecules, which constitutes the hotter state, is passed 
on step by step from neighbour to neighbour of those 
molecules, until at last it reaches the farther extremity of 
the iron bar. If the hand be then placed on that farther 
extremity, it feels the heat, because the vibration of the 
molecules of the iron travels on to the molecules of the 
hand. This is, however, still a case of communication by 
conduction. The heat is led on from the poker ta the 
hand by direct contact. 

The outer end of the poker never becomes so hot as 
the end which is in the fire. This is because that outer 
end gets rid of a great deal of the. heat as< fi&st as it 
receives it. All round that part of the poker which is 
not in contact with the burning fuel of the fire, there is 
air. The lifctle particles of the air are everywhere 
packed closely round the poker, and touch its surface 
everywhere. Those particles of the air which touch the 
iron become hot. They receive heat from it by contact, 
that is, by conduction. Bat air ia a m.OYabUv^'^^ ^ ^v3j^ 
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substance, and therefore, as soon as the partioleB get 
heated by the iron, they fly away and allow other paartioles 
to take their place. But as they fly away, they cany 
some of the heat with them, and as fresh partioles then 
press in close to the iron, more and more heat is being 
continually taken away. This is the method of dif- 
fusing heat by "carrying," or by convection. All 
liquid and gaseous substances, which are of a looee and 
movable nature, carry away heat £rom warmer bodies by 
this process. The heat carried away from the poker by 
the air is diffused all oyer the room, and serres to make 
it warm. The air moTcs in this way and carries off heaft^ 
simply because it expands when it gets hot, and because^ 
when it expands, it becomes lighter, bulk for bulk. It is 
therefore driven out of the way by the pressure of the 
colder air, which, being of greater weight, forces itself 
into the place of the warmer and lighter portion. 

But the outer end of the hot poker is also losing its 
heat in yet another way. It is shooting, or "raying,* 
portions of it out through the air. When any person 
stands in front of a very fierce fire, the scorching of the 
fire is felt upon the iBuoe, That scorching is heat " shot 
off," or "rayed" from the burning coals. It shoots 
through without warming or moving tiie air, and produces 
no heating effect until it strikes upon the face. The 
outer end of the poker " shoots off " heat just in the same 
way, although in a less intense degree. This is the mode 
of communication of heat which is called radiation. 



Part n. 

If the outer end of the poker did not lose some part of 
the heat it receives by conduction from the red-hot parfti 
it would at last get red-hot too. It, however, does scatter 
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a considerable portion of the heat led along to it from the 
fire both by conyection and radiation. It thus never 
becomes as hot as the part which is in contact with the 
fire^ and which receives its heat there by conduction. It 
does get something hotter by slow degrees, but only 
because it does not scatter the heat as fast as that is 
communicated to it by being led along the bar of metal. 

All bodies do not conduct heat along with the same 
rapidity and ease. Some conduct it very quickly, and 
some at a very slow rate. Metals, for instance, are all of 
them, more or less, rapid conductors. Such things as 
wood and wool, on the other hand, are very slow con- 
ductors. This is why the copper handle of a boiling 
kettle is so hot that it cannot be touched by the hand 
without pain, and why when the handle is either made of 
wood, or is surrounded by a woollen cloth, it can be 
held without discomfort. It is also the reason why cold 
metal feels very cold when it is laid upon the skin, and 
why woollen clothes and blankets, placed round the body, 
keep it comfortable and warm. 

Air, like wool, is a very slow conductor of heat. That 
is why double windows help to keep the inside of a room 
warm in winter time. The air which is shut between 
the outer and the inner panes of glass is so imprisoned 
that it cannot move and carry off the heat by convection ; 
and it is of such slow conducting power in itself that it 
does not allow the heat to pass out from the room by 
being '*led" or "conducted" through its substance. 
Even on a cold day, air, that is still, feels fairly warm, 
because the heat of the body is not led off through its 
substance by conduction. But the instant the wind blows, 
the same air feels cold, because the moving air then 
*' carries" fresh and fresh supplies of heat away from 
the waam body. 
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When a cosey, or loose eloth-bag lined with flanne], or 
wool, is placed over a teapot filled with boiling water, it 
keeps the contents of the teapot hot for a consideirable 
time, because it prevents the heat from being either led, 
rayed, or carried away. The air inside the bag is bo 
shut np by it that it cannot get away from the teapot to 
'' carry " off the heat, and it is itself so bad a conductor 
that only a small part of the heat can get through it to 
the bag. The bag too, being of wool, which is a slowly 
conducting substance, does not allow even that small 
portion of the heat to pass quickly through it. 

If, however, the " cosey " were a piece of dark cloth 
fitted tightly to the teapot, it would not keep it warm in 
the same way. The tight cloth would then *' radiate " or 
shoot off the heat through the air even more quickly 
than the teapot would do if left uncovered, and it would 
as quickly become cold. It is a very curious and note- 
worthy fact, however, that dark surfaces which shoot ol^ 
or " radiate " heat from warm bodies very quickly, also 
drink in, or absorb, heat from hotter bodies just as 
easily. A black, soot-covered kettle would rapidly radiate, 
or scatter the heat from boiling water, if it were hung 
up in the air ; but the same kettle would make the water 
boil rapidly when placed on the fire, because it would 
*' absorb " or draw in the heat rapidly and pass it on to 
the water. 

Air is not at all warmed by heat that is merely *' radiated ** 
through it. It is only heated by contact with hot bodies 
or substances. Upon the top of a lofty mountain, the air 
itself is quite cold when the face and hands are blistered 
by the heat of the sunshine that falls upon them. 

When, therefore, a fire is made in a room it warms the 
room in three different tioaysy acting by all of them at 
the same time. It communicates heat from the iron of 
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ibe fire-grate to the walls of the room, by slow con- 
duction. The heat of the burning coals, and of the hot 
iron grate and warm walls, is radiated, or shot off through 
the air to all the solid surfaces and substances of the 
room, and falling on them gradually makes them warm. 
The air which touches the grate, the walls, and the objects 
in the room, becomes warm by contact, and then floats 
away with its warmth, carrying or " conveying," it in all 
directions. 
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LESSON 

THE NATURE AND USE OF CLOTHES. 

DEBIVATIONS. 

For* — Fine soft hair on an animal's skin. Fr, fourrcire* 

Conferring. — Giving to. 

Flexible. — Capable of being bent. Z(st. flecto^ to bend. 

Fabrics. — Woven structures. 

Reflect. — ^To bend, or throw back. 

Exposure. — An uncovering of. 

The Hying animal body has a warmth of its own, 
generated by the slow burning of the foodHsabetances in 
its interior, which acts like so many gentle fires in keeping 
np its heat. As soon, however, as a living body beeomes 
from this canse warmer than the surrounding air, it 
begins to scatter its own heat into that colder substance. 
It radiates some of its heat out throngh the air, and it 
communicates some io the air which touches the skin; 
and the air itself carries away the portions which it 
receives. 

But, when a warm animal body is placed in very odd 
air, the heat from the warm body is carried off so &8t, 
in these ways, that it would not be possible to keep 
its warmth up to the requisite 98 degrees, unless some 
special expedient were used to arrest or diminish the loss. 
The plan adopted by nature for this purpose is covering 
the body over outside by a thick coating of fur, or wool, 
which are bad conductors of heat, very much as a tea- 
pot may be covered with a cosey of cloth and wool to 
prevent its heat from flying away. Fur, wool, or hair, 
is the natural clothing of animals, and it is made more 
thick and difficult for the heat to pass through in the 
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case of such animals as liT# in very cold parts of the 
earth, and less thick in warmer places. The Polar bear 
has a thick soft for that scarcely any heat can get 
through ; the antelope, which lives upon the hot African 
plains, has only a thin covering of silky hair. 

Man is intended to live in all parts of the earth, both 
where it is very hot and where it is very cold. On this 
accomit, he has been left without any natural covering to 
hisskin. If he had had a thick warm fur upon Ms body, 
like that of the Polar bear, he would have found this very 
inconvenient and uncomfortable to wear in the fierce 
torrid regions of the earth ; and if he had had only a thin 
covering of hair, that would not have been enough for 
even a climate like England, where there is ice and snow 
during one part of the year. The arrangement has, there- 
fore, been made in his behalf of leaving him with a naked 
skin, and of conferring upon him the knowledge and the 
skill to provide clothes for himself, in such a way, 
that he may have them either as thick and warm, or as thin 
and cool, as circumstances require. 

Man gets the substances which he turns into dothea 
partly from plants and partly from animals that have 
natural coverings to their skins. He takes the downy 
cotton from the seed of the cotton plant ; the long flexible 
fibres from the stems of the flax and hemp plants ; hair 
from the skin of the goat; wool from the skin of the 
sheep ; and silk from the beautiful cocoon, or case, with 
which the silk-worm surrounds itself at the end of its 
caterpillar form of existence, to keep itself snug whilst 
changing into a winged moth. All these substances he 
spins into long threads, and then weaves the threads into 
cloth, and so manufactures clothing that is at once con* 
yenient and comfortable. 

The doth formed from cotton or oalioo is mo«t ^&smL 
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for nnder-garments that are worn next the skin for seyeral 
reasons. It is fairly warm, without being too hot ; it is 
smooth and soft ; it readily takes np the moisture firom 
the skin ; it can be very easily washed, and it is cheap 
for its durability and strength. Calico, worth many 
millions of pounds sterling, is manufactured as clothing 
every year in this country alone, and is sent out all oyer 
the world, as well as being used by the people who live 
in England. 

Flax and hemp are made into linen cloth, which is not 
so warm and soft as calico; but which is stronger and 
more durable. It wears longer than calico, and keeps its 
colour better when dyed. It is very suitable for warm 
seasons and places, because it is a somewhat more quick 
conductor of heat away from the body than cotton. It, 
however, costs more money than calico, and is therefore 
less used by people to whom outlay of money is of great 
consequence. 

Cloth, which is manufactured from the wool of the 
sheep, is the warmest of all kinds of woven goods, because 
it is of very slow conducting power, and therefore keeps 
the warmth well in the body. It is manufactured of all 
sorts of quality and thickness. It is most used for outer 
clothing, because it does not wash so readily as cotton. 
Cloth, flannel, camlet, serge, and worsted fabrics are all 
different kinds of manufactured goods made from wooL 

Woollen cloth is, nevertheless, very suitable for under- 
garments next the skin, either in very cold seasons and 
places, or in circumstances where there are apt to be 
sudden changes from heat to cold. It is advantageous in 
such circumstances for two reasons. It prevents the 
sudden chill from affecting the body, because it is not an 
easy substance for the heat to travel through ; and, at the 
same time, it helps to make the blood flow freely throoj^ 
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the skin, by the rubbing which it gives it on account of 
its own roughness. It is almost indispensable that 
delicate and tender people should wear flannel next the 
skin in cold, damp, and changeable weather ; and, there- 
fore, all the year round in a climate like that of England. 
It should, howeyer, be thin and fine in the warmer part 
of the year, and stout and thick in the winter. 

Silk is very much the most beautiful and costly of the 
fabrics that are employed for clothes. It is so costly, 
indeed, that it should only be used for clothes by persons 
who have an abundance of money to spare. It is light, 
cool and pleasant to wear in hot weather; but by no 
means more so than linen of the lightest kind, and it has 
the great disadvantage that it cannot be washed, as linen 
may over and over again. 

Clothes of a dark colour, and of a rough surface such 
as woollen cloth has, are very warm in the summer, 
because they draw in the sun's rays, just as the black 
sooty bottom of a kettle draws in the heat of the fire. 
Clothes of a light colour, and such fabrics as white or 
grey linen, are cool in the summer, because they throw 
back, or reflect, the sun's rays, instead of drawing them 
in. Black hats are often covered over with white cloth 
when the sun is very blazing and hot, because it reflects 
the sun's f&js before they get into the hat, and so prevents 
them from striking through injuriously upon the head 
and brain. 

In hot countries, such as India, clothes are more 
required to screen the body from the high temporaturoi ' 
which either surrounds it in the air, or which strikes 
upon it from the sun, than to keep it warm. On that 
account, they are there made as light and loose as possible, 
and white Hnen is the best of all materials that can bo 
employed. In temperate climates, on the otibftt ^dk^^ 
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the warmth of the air is never so great as that of the 
body, and clothes are therefore needed in all seasons for 
the direct purpose of keeping it warm. But in temperate 
and cold climates, it certainly is not advisable that one 
part of the body should be dothed, and another part left 
naked. When this is done, the naked part is almost 
certainly exposed to injury from sudden chill. In an 
uncertain and treacherous climate like that of England, it 
is as dangerous as it is absurd, that the throat, the side of 
the iace and head, and tiie upper part of the chest of 
sensitive and delicate women and girls should be left 
almost without defence, whilst other parts of the frame, 
which are far less abundantly supplied with blood vessels 
and nerves, are huddled up in layer upon layer of thick 
covering, merely because an ignorant custom and feJse 
taste prescribe the unnecessary exposure of the more 
tender parts. 
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LESSON XLin. 

THE FITTING AND FASHIONING OF CLOTHES. 

DEBIVATIONS. 

Extraneous. — Foreign, not belonging to. Lat. extrfinSuB, 
foreign. 

Embarrass.— To put a difScnlty in the way. Fr, embarrasser, 
to encumber. 

Materially. — Substantially, to an important degree. 

Elastic. — Capable of stretching. 

Constriotion. — A tying or forcing together by pressure. Lat, 
OOnstrictXO) a binding fast. 

Distortion. — A twisting out of shape. Lat, distortio, crooked- 
ness. 

^aporation. — A flying off in vapour. Lat, SvSp5ro, to breathe 
or steam out. 

As clothes are intended especially for the protection of the 
body from external cold and external heat, they shonld 
be carefully fitted to the frame and thoughtfully 
adjusted for the work which they have to do, instead of 
being made upon some extraneous idea of what mere 
fashion requires. First, and before all things, they should 
be eyerywhere so loose and easy in their fit as not to 
embarrass or prevent the natural movements of the 
body, and especially those upon which some of the 
most important operations of life depend, such as the 
play of the lungs and the beating of the heart. In the 
fashioning of the body itself an altogether marvellous 
amount of care has been taken to guard against pressure 
of any kind that would hinder these movements. If 
the waist be laced in tightly by dosely-fitting garments, 
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all this beneficent care is made of no account, and 
weakness and deformity of varions kinds are caused. It 
needs no very large exercise of wisdom and intelligence 
to comprehend that the noble and beautiful form which 
has been given to the human body by God is not Teiy 
likely to be improved by the meddlesome artifices ci 
vanity and fashion. But the argument which may be 
raised upon this ground is materially strengthened when 
it is also understood that such tampering with the 
provisions of nature can be shown to be actually the 
cause of derangement and disease, in the working organs 
of the living frame. 

The dress should be so adjusted to the body that it fits 
everywhere. Not only should there be no bondB to 
hamper the free movement of the chest, but no pressure 
anywhere that can check the free coursing of the blood 
along the soft and elastic vessels that are laid down for 
its conveyance through the structures. . The neck and 
the limbs are especially open to constriction of this kind, 
and should therefore be jealously guarded from such 
unfair and injurious interference. The clothes should 
be fashioned so as to keep the living body warm in the 
inclement periods of winter, and to protect it from tmdue 
heat in seasons of burning sunshine; but these ends 
should in all cases be secured without doing violence or 
damage to the exquisitely delicate and perfect organs that 
have been furnished for the working of its machinery. For 
the very reason that that machinery has had to be made 
of soft and yielding substance, in order to its being kept 
in the utmost perfection of repair, even whilst engaged 
upon its work, it needs to be tenderly and reverently 
handled, instead of being used as if it were fashioned out 
of levers and wheels of stubborn iron and brass, such as 
are employed in ordinary mechanism. 
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One other way in which injury may be done, by 
restricting the free movements of ingeniously and de- 
licately fashioned parts of the living frame, and by 
transferring articles of clothing into barbarous and cruel 
implements of torture, is that which is very commonly 
exhibited in the particular of boots and shoes. The 
human foot is amongst the most admirably contrived 
instruments that are employed in the service of the 
body. It is made in the form of an arch, in order that 
the great weight of the body may be safely carried when, 
in stepping, this is thrown abruptly upon the top. That 
arch is composed of no less than twenty-seven separate 
pieces of bone, which are fitted together in such a way 
that they can move slightly upon each other and allow 
free and elastic play when the foot is shifted from one 
place to another. These separate bones are faced with 
smooth, shining gristle, and oiled where they touch each 
other. 

In order that this very complicated instrument may be 
able to do properly the work for which it has been 
designed, it is indispensable that it should be left uncon- 
strained in all its movements, and that it shoidd preserve 
the form which has been naturally given to it. But 
when the foot is clothed with the intention of protecting 
it from external hurt, it is thrust violently into a case of 
thick, unyielding leather, one of the most obstinate of the 
materials that is drawn upon for clothing ; and the boot 
or the shoe is scarcely ever shaped to the form of the 
foot, but some fanciful shape is given to it, supposed to 
be pleasing to the eye. The foot is then expected to 
take the form of its stubborn covering. The five toes are 
squeezed into a pointed space that is not properly calcu- 
lated to accommodate three ; the heel is galled by a stiffs 
straight board that stops its backward %{x^«£!>sissn ^V^sc^ 
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the foot receives its load, and is mounted upon a stilt that 
throws much of the weight it ought to receiye upon the 
balls of the toes; and the instep, or front of the arch, is 
fixed in a sheath that is as tight as the bandage which is 
put upon a broken limb. Corns, bunions, and distortions 
too numerous and diversified to be named, are the 
frequent and natural consequences of this barbarous 
practice. 

The foot, to be properly fitted for a boot or shoe, 
should be placed bare upon a sheet of paper, and when 
pressed fully down to its natural bearing under weighty 
should have its shape marked out all round by a penciL 
That shape shoidd then be taken as the pattern for the 
sole of the shoe. The upper leather should be cut so that 
there is not the slightest pressure anywhere during any of 
the varied movements of the foot. Tall heels should on 
no account be used, until a race of wild people have been 
discovered who are found to have similar pads provided 
within the skin by nature, and who are found to walk 
better with them than other wild races do without. 

One of the purposes for which leather is used in the 
construction of boots and shoes is the protection of the 
foot from wet. All parts of the body require to be de- 
fended from wet, because wet is followed by evapo- 
ration and cold. Everyone knows how soon the warm 
hand feels cold when it is covered with a wet doth. This 
is because the moisture is turned into vapour, or ^team, 
which flies away into the air, and carries heat with it as 
it does so, by convection, as well as by taking it up for 
the conversion of the water into steam. But iJie feet az6 
more liable to be kept wet than any other part, because 
in rainy weather their coverings are in contact with the 
soft, moist, sodden ground. 
In Toiaj weather Bhoea \]b&l qxq thick enough in the soles 
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to keep out the wet are essential to the maintenance of 
health, and damp shoes should always be changed as soon 
as the moist outside ground is left and a dry house 
entered. The indiarubber goloshes that are now so 
common and so cheap answer admirably so far as keeping 
the feet dry is concerned. But in order that they may 
be worn with comfort, the shoe that is used within should 
be thin, light, and roomy, and the golosh only just tight 
enough to hold on the foot. Tightly fitting shoes and 
goloshes are sure to make the feet tender and uncomfort- 
able. A golosh should also be always put off from the foot 
the instant that walking in the wet is brought to an end. 
Stockings that are worn within boots and shoes should be 
soft and thick, and should always be changed as quickly 
as possible when they get damp or wet. Knitted woollen 
socks are the best kind that can be employed in damp 
cold weather, and when much hard walking has to be 
done. When such are used ample room must of course 
be provided for them within the boot or shoe, as well as 
for the foot 

All waterproof outer garments are good protections in 
wet weather. But they should be as loose as possible, 
and be put off as soon as their purpose is served. They 
are also most safe and most comfortable when it so 
happens that they can be worn with an abundance of 
other not waterproof clothing beneath them, because 
then the natural vapours from the skin are not prevented 
from escaping as freely as it is intended they should. 
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LESSON XLTV. 

THE CHOOSING, BUYING, AND MAKING OP 

CLOTHES. 

DBBIVATIONS. 

Extenuation. — Excuse, explaining away. Lat extSnuS^ to 

lessen. 
Acquiescence. — Agreement, or assent. Lat acquiSsco, to assent. 
Systematically. — Methodically, according to a system. Or, sun- 

istemi, to set together, to plan, or create. 

Part I. 

Thbbe are now so many different kinds of fabrics 
prepared for the making of clothes that a very large 
measure of choice can be exercised in selecting what may 
be deemed the best or most suitable. To most people 
there is a considerable amount of pleasure in using this 
opportunity of selection. But, in doing so, wise persons 
will never forget that the two most important things to be 
kept prominently in mind are, fLrst, that the articles should 
be durable and strong, and then that they should be 
of reasonable price. Nothing is more easy than to 
make the serious mistake of spending money for look 
instead of for use. When a sound discretion has been 
employed by buying good, useful, and reasonably priced 
articles, it becomes quite a fair and a commendable task 
to consider next how they can be made to look most 
pleasant to the eyes of other people in the wearing. But 
everyone may rest assured that this task never is satis- 
factorily performed by attempting to run to the ex- 
treme of fashion aaid dis^^ltt^. It is q^uite sad to 
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how ridiculous and unseemly many persons appear, who 
have taken the utmost pains and have made extravagant 
outlay, in order that they may be fashionably clothed. 
Such people fail entirely in the end at which they aim, 
and are more generally pitied for their ignorance and 
folly, and blamed for their extravagance, than they are 
admired for their peacock-like finery. 

The only good argument that can possibly be urged in 
extenuation of extravagant outlay for dress, is that the 
large amount of money which is in that way expended is 
devoted to the encouragement of industry, and to the 
reward of ingenuity and skill. That argument, however, 
only applies in the case of persons who have an abundant 
superfluity to spare for the indulgence of such generous 
patronage of labour and art. Those who have no money 
to spare have no right to apply the little which they 
have in any wasteful and unproductive way. Indeed, it 
will always be a matter of considerable doubt to the most 
thoughtful and reasonable minds, whether even the abun- 
dantly rich might not find some better employment for 
their superfluity than the extravagant adornment of their 
persons, under a strained and fancifal acquiescence in the 
mere custom and passing fashion of the day. It is very 
dif&cult, indeed, for persons of independent and cultivated 
thought to understand how women can by any possibility 
be better because they do not wear the same dress more 
than three times, or because, at certain intervals, they 
change flowing skirts into narrow ones with abundance of 
tails, and transform sensible head-dresses into ungraceful 
monstrosities of bad millinery and tawdry artificial 
flowers. 

In selecting material for clothes, perhaps the most 
important of all the conditicNis to be borne in mind is that 
it should be so chosen, in the mattiei Q& V^-sSsox^^ Q2F 
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and colour, as to give good assurance that it will wear 
well, and will continue to present a good appearance to 
the end. On this account cheap goods should be avoided 
as a rule. Cheapness almost invariably means that the 
material will not wear well, and that it will not look well 
either in the beginning or the end. When one dress will 
wear three times as long as another, on account of the 
strength and excellence of its texture, this means that in 
purchasing it there is a saving of the money which would 
be spent for two dresses out of three. Therefore, though 
twice as much money be spent for the material of the 
good dress, as woidd be given for the inferior one, there 
will still be a considerable saving in the end. Cheap 
goods are largely made in the present day from old rags 
torn to pieces, re-manufactured into various cloths, and 
then dressed up with a false face to make them look 
like better articles than they are. Cheap shops should, 
on this account, be regarded with suspicion and doubt by 
all good economists. It is a much wiser course to go to 
a respectable shop where it is known that only good 
materials are sold, and to save the excess of price that 
has to be paid for such materials, by making them up 
plainly and simply, and by wearing them as long as they 
will last. Above all things those shops should be espe- 
cially avoided where great trouble is taken to persuade 
customers to buy what they are not seeking and do 
not want. It once happened to a young Englishman 
in India, who could never resist the temptation of buying 
a cheap bargain when he met with one, to purchase an old 
elephant which was past its work. When he had got his 
elephant, he found that no one else would buy it of him, 
because it was of no use, and that he must not kill it out 
of the way, because that would be deemed an act of cruelty. 
He accordingly had to kee]^ tivA \A% beast, and thea dis- 
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covered that an elephant eats a great deal of food in the 
course of a day. Not being a man of ample means, he 
was nearly rained by his cheap bargain before he got it 
off his hands. People who buy bargains of articles that 
they do not want, because they are persuaded to do so, 
for their own profit by cunning and smooth-tongued 
salesmen, are very much like the Englishman in India 
with his old elephant. 



Part II. 

Ik recent years, very clever machines have come into use 
to help people who are engaged in making clothes to sew 
together the several pieces of which different garments 
are formed. These sewing* machines are of great 
value in large families, where there are many individuals 
to be supplied with clothes, or in establishments where 
clothes making is a trade. Their chief excellence is that 
they afford relief to those who have to work long stretches 
at a time, and who get very weary over incessant stitching 
with the needle. The weak point in the machine is that 
it can only be employed with advantage in making long 
seams, or hems. But there is one sewing machine which 
is superior to all the rest, because it is not open to this 
disadvantage and reproach, namely, the machine that is 
comprised in a pair of deft and skilfully trained human 
hands. There is nothing in the way of needle-work 
which that machine cannot perform, and the wonders that 
it can accomplish, must be seen to be understood and 
appreciated at their proper value. A clever worker with 
the needle will make an article of clothing last as long 
again as it would do without such help as she can supply, 
and will make it pass through an in.QtQdi\A<b t^osS^c^^sl ^ 
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reappearances and transformations before its entire use- 
fulness is brought to an end. 

Of all the accomplishments that young girls are now 
systematically taught, none stands higher in the scale of 
usefulness than the art of fashioning clothes and 'work- 
ing* 'with, the needle. It has been most wisely and 
judiciously arranged that formal instruction in these 
matters shall henceforth be made a part of the ordinary 
business of schools, and that it shall be more carefully and 
skilfully given than was ever thought of in olden times. 
It would certainly be an important step in advance towards 
a more satisfactory system of domestic economy that all 
women should be taught how to fashion and make their 
own clothes, so that they should be able to do so whenever 
the accidents and needs of life render it desirable for 
them to be independent of the costly, and often not alto- 
gether judicious, aid of the professional dressmaker. 
Few girls, who learn to make their own dresses and 
other garments, and to count the cost of the various steps 
of the process, will be so likely to continue the mistake 
of wasting their money about frivolous and tawdry dis- 
play. For they will learn also how easy it is to make a 
better appearance before the eyes of the world by the 
exercise rather of sound thrift, thoughtful industry, good 
taste, and a little pleasant contrivance. 

There is yet one other respect in which these particular 
remarks, upon the skilful and trained use of the needle, 
apply with scarcely inferior force. Clothes require to be 
mended as well as made. All articles of woven 
clothing should be strengthened by the needle as soon as 
they begin to show weakness from wear ; and this process 
of continuous repair can only be efi&ciently carried on by 
Hhe inmates of the house. This is, indeed, so important 
A part of true home-economy, tb&t the thriftiness and 
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capability of a woman may almost be told by an examina- 
tion of her clothes. The articles of all others, however, 
apon which the greatest stress of wear always falls, is the 
one which is chafed and pressed all day long between the 
fall weight of the body and the tough unyielding leather 
of the shoe, that is, the stocking. The stocking must, 
therefore, be the object of the most assiduous care in this 
particular, or, it will probably be found that it is always 
falling into holes. 

The kind of mending used for articles of clothing 
woven or knitted like stockings, is, of necessity per- 
formed by the hand. There is no machine yet invented 
to accomplish this work. It is clear that our ancestors, 
in the olden time, understood the importance of this kind 
of work, for the word " darn," which is universally used 
in speaking of it, is an old Anglo-Saxon term. The 
operation of '* darning " is, nevertheless, one that requires 
'8om^ considerable amount both of judgment and practice to 
perform it properly. The process is less easy to master, 
and, until mastered, more tedious in the doing, than other 
kinds of needle- work. Experience alone can teach where 
the darning should begin, and where it should end. 
Nothing is easier, indeed, than so to mend a hole in a 
stocking as that two or more are formed in its stead. 
This is quite sure to be the result if the darning is not 
sufficiently extended beyond the hole or the worn part 
which has to be made good; or, again, if the loops between 
the rows of darning are drawn too tight, subsequent wear 
and washing will assuredly pull the stocking into holes. 

Even when a hole has been mended, it may still be a 
very clumsy aSsdr in the eyes of an experienced darner. 
The true method of good darning requires that the holes 
shall, in the first instance, be drawn together by threads 
of fine sewing cotton passed transversely on the outside, 
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and that the darning shall then be well and sufficiently 
carried out by working across these on the inside. By 
this procedure the loops of the torn fabric are caught 
and prevented from running down, as dropped stitches in 
knitting do, and the thread passed through from side to 
side efficiently closes up the gash in the material. With- 
out such previous sewing up every row of cotton or wool 
only separates the edges of the hole more and more. 

Stockings that have been skilfully darned upon this 
proper plan will stand the close inspection of experienced 
eyes, as well as wear and tear. There will be in them 
no Jacob's ladders, and no drawn in and bulged out 
places loaded and strained with the mass of material used 
in the mending, but, instead, a good sound coating of 
well worked in thread, wherever the original fabric has 
required strengthening or renewal. The great stress of 
mending and darning falls upon the stocking. But the 
lesson which is learned, in consequence of the exacting' 
demand of this weak article of the wardrobe, is fortunately 
one almost sure to be applied beyond the sphere to which 
it is primarily directed. When stockings are kept in 
good order and repair, it is quite certain that the other 
articles in the wardrobe will receive their fair share of 
care and attention. A good darner will most certainly 
be a good mender in all other departments and modes of 
repairing work. 
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LESSON XLV. 

• BATHING AND WASHING. 

DEBIYATIONS. 

Evaporation. — A conversion into vapour. 

Generation. — A producing. 

Transude. — To pass through. 

Insensible. — Not to be felt. Lat insensibilis, not to be felt. 

Reduction. — A making less. Lat, rSdtlco, to lead back. 

Exhalation. — A passing out as vapour. 

Profusely. — In great abundance. Lat. prSfundo, to pour out. 

Impervious. — Not to be penetrated. 

Transpiration. — A passing through. Lat.treLUBy through, spiro, 

to breathe. 
Exudation. — A sweating through. 
Friction. — A rubbing. Lat, frico, to rub. 

Part I. 

The natural warmth, or heat, of the living animal is kept 
up by the burning of the various combustible parts of the 
food-substances in the interior of its body. The heat 
which is thus generated is taken from the body by 
radiation into surrounding space, by convection currents 
of the air, by contact with colder substances, and by 
the evaporation of water from, the skin and the lungs. 
The generation of heat by the internal fires, and the loss or 
scattering of the heat by the several processes of cooling 
which are in force, leave the internal temperature of the 
body fixed constantly at very nearly 98^ of Fahrenheit's 
scale. The proper animal temperature of 98° is that 
which remains as the balance of gain and loss. 

But when the air round the body is very wacm.^ %& Vv^ v^ 
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in the hot season of summer, the body is less cooled by 
the influence of radiation, air-contact, and convection, than 
it is in the cold weather of winter. Consequently at that 
time, the heat would be accumulated in the body until it 
was more than 98% if some special means were not con- 
trived for keeping down the superfluous amount. Such 
means are therefore provided. The cooling of the body, 
in times of great heat, is accomplished by increased 
evaporation from the skin. 

The moisture from the warm blood can transude out 
very slowly and gradually from all parts of the skin ; 
but, in order that this transudation may be largely in- 
creased, beyond the ordinary and slight amount, when 
there is reason for bringing the cooling effect into play, 
small holes are pierced through the skin, which can be 
opened or closed. These holes, although not visible to the 
unaided eye, can be readily seen by magnifying glasses. 
There are more of them in some parts of the skin than in 
others ; but, altogether, there are certainly not less then 
two millions and a half scattered over each human body. 

Every little opening, or pore, leads into a small tube 
that dips down into the somewhat thick substance of 
the skin, and is then coiled up upon itself into a kind 
of knot, into which capillary blood-vessels pass in great 
abundance, somewhat as they do to the funnels of the 
kidneys. As the warm blood streams, in the process of 
circulation, through the capillary vessels, portions of its 
moisture pass out through the walls of those vessels into 
the knotted-np tubes, and, if the external pores at the ends 
of the tubes be open, are thence discharged into the air. 
If the external pores be not open, those portions of vapour 
are retained in the tubes. The pores, however, are opened 
widely when the body is getting too hot ; and they are 
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closed fast when it is getting too cold. In this way, the 
cooling of the body is kept in control, and regulated by 
the varying action of the pores of the skin. 

The vapour which passes out through these pores when 
they are open, is called the perspiration, or *^ sweat." 
The word perspiration is derived from the Latin per and 
spiro, which means to " exhale " or ** breathe out" The per- 
spiration is the moisture which steams out from the blood 
through the openings in the skin. When this moisture 
passes out from the skin in only moderate amount, it flies 
away into the air as a thin, invisible vapour, which is not 
seen, and which is then called " insensible perspiration.'' 
When it is in great abundance, it collects upon the skin 
in liquid drops, or even pours down upon it in little 
streamlets, and is then called ^* sweat." 

But the moisture which steams out £rom the pores of 
the skin is not moisture alone. It is heavily charged 
with various soluble substances that are brought with it 
out of the blood. The opportunity is taken, as it has to 
be driven out from the system for the reduction of its 
heat, to make it also the carrier of some of the waste 
matter which is waiting to be discharged. The skin 
really aids the lungs and the kidneys in their particular 
work of removing waste refuse and purifying the blood. 

The perspiration which exhales through the skin is 
chiefly composed of water. In ordinary states about 
twice as much vapour of water is discharged through the 
skin as is passed out from the lungs with the breath. 
With very severe exertion, in extremely hot weather, as 
much as two or three pounds of perspiration may be 
passed out in an hour through the skin of a full-grown 
man. 

The soluble matters which are mixed with the watery 
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exhalations of the skin are carbonic acid, such as is 
removed by the lungs, and urea and mineral salts, such as 
are drained away by the kidneys. The watery parts 
exhaled in the perspiration amount to from 2 to even 30 
ounces in the hour, according to circumstances. They 
vary to this very large extent. The soHd ingredients 
carried off in the perspiration vary from 14 to 108 grains 
in the hour. The average amount of water that in twenty- 
four hours is removed from the blood, by the skin and 
the lungs, is about three pounds by weight ; and of 
this, two pounds pass by the skin, and one pound by the 
lungs. 

As a general rule scarcely less than 100 grains of 
nitrogen-containing substance, which is chiefly urea, are 
removed* by the skin in a day; that is, one-fifth the 
amount which is removed by the kidneys. This solid 
part of the perspiration is also mixed with some car- 
bonaceous, or fatty, matter that is likewise refuse of the 
food-substances and textures of the frame. Some portion 
of these solid substances is volatile, and escapes with the 
watery vapour into the air ; but some portion remains 
upon the skin as a kind of soil, or adhesive deposit, until 
it is removed by water. 



Part II. 

Thb skin and the kidneys are very close allies in the 
work of purification which they perform. When the skin 
is discharging profusely in warm weather, the kidneys 
are relieved of a corresponding part of their work and 
discharge less. On the other hand, when the pores of 
the bMu are closed, and the perspiration is stopped by 
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cold, the kidneys take upon themselves additional work 
and remove more water and waste substance. The fact 
that both the kidneys and skin are purifying organs, is 
remarkably manifested by the circumstance that, in the case 
of both, the blood, which is gathered up from their capillary 
vessels by the veins to be carried on towards the heart, is 
of a bright and scarlet colour and exceptionally fresh and 
pure. 

The skin is, indeed, so important an organ of purifica- 
tion that, if it be entirely covered over by an impervious 
varnish so as to prevent all transpiration and exudation 
from its pores, the animal upon whom this operation is 
performed very soon dies, poisoned by the injurious accu- 
mulation of the imprisoned refuse in its blood. 

In addition to the solid part of the perspiration, which 
is brought out from the interior of the body through the 
skin, there is also soil and dirt of various kinds deposited 
upon it from the air, where waste matter is always floating 
and blowing about. The soil of this character mingles 
with the moist exudation of the skin, and effectually covers 
and chokes the openings of the pores. The influence of 
this external dirt, in forming a kind of coating over the 
skin, is most strikingly shown in the case of the hands, 
which may be washed three or four times in the day, and 
still make the water that is used quite dark from their 
soil. The rest of the skin, although in some measure 
protected from external dirt by the clothes, has, neverthe- 
less, a fair share of its own to deal with, a large part of 
which comes from within, and is left both upon the skin 
and the clothes, when the more volatile parts of the 
perspiration, or its thin vapours, escape into the air. 

There is only one way in which this coating of soil can 
be removed from the skin, so as to leave the pores open 
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and free to perform their farther work of moderating the 
heat of the body, and helping to purify the blood from its 
load of refuse and wom-up material. It must be well 
washed and rubbed at least once every day. The most 
convenient way for managing this is to sit into a bath, or 
tub, containing about a pailful of fresh water, and deluge 
the whole body with a sponge, and afterwards to wash 
the feet and legs, for which there is not room in the bath 
at first. The best time for doing this is the morning, on 
getting out of bed; and for all people in fairly good 
health the water should be cold all through the year, the 
skin being immediately wiped dry and briskly rubbed 
with a coarse towel until it is in a warm glow from 
reaction and friction. This process helps maryellously to 
produce a feeling of comfortable warmth. As a general 
rule, people feel warmer after a cold bath in winter time, 
if the bathing and dressing be quickly performed, than 
they do when no bath is taken. The sudden application 
of cold water to the skin, when it is warm- in the morning 
from the bed, and when the body is refreshed by rest and 
sleep, serves also the excellent purpose of fortifying the 
system against accidental chills. People who regularly 
use a cold bath every morning are less liable to take cold 
from chill than those who ayoid the touch of cold water. 
The feeling of comfort which the morning bath confers 
can only be appreciated at the proper value when it has 
been proved by experience. 

When, for any reason, the morning sponge-bath cannot 
be enjoyed in this luxurious way, the skin should still be 
carefully and thoroughly washed every day. The best 
course to pursue, then, is to wash the whole body at night, 
before going to bed with soap and warm water applied 
with a piece of coarse flannel, and very quickly to repeal 
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the washing on getting np in the morning, and then with 
flannel, and cold water, without soap. The washing in 
some form must absolutely be performed if the beautiful 
organization of the skin is to be kept in an efi&cient state 
for the blood-cleansing and blood-cooling work it is 
planned to perform, and if the body is to be maintained 
in its best condition of vigour and health. Sickness in 
various forms can be frequently traced to the habitual 
neglect of this very simple and easy duty. 
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LESSON XLVI. 

WASHING CLOTHES. 

DERIVATIONS. 

Effluvia. — Gaseous, or volatile, exhalations. Lot. e and fluOy to 

flow forth. 
Repellent. — Driving back. Lat, rSpello, to drive, or thrust back. 
Immersed. — Plunged in. Lat, in and mSrgO, to dip, or plunge in. 
Expeditiously. — Speedily. Lat. ezpSditiS, quick dispatch. 

Part I. 

People who are not so careful in the cleaning of their 
skins by the daily use of water and bathing as they ought 
to be, are occasionally saved from the severest part of 
the penalty due for their laziness and neglect through the 
bountiful interference of nature. This kindness of nature, 
however, when it is once understood, has to be looked at 
in the light of an example and not of an excuse. As soon 
as people are warm from exercise and work, perspiration 
pours out from their skins, and the abundance of the 
moisture softens and melts the adhesive dirt which may 
be upon them. Both the perspiration and the old soil 
are then soaked up into the clothes, and so removed from 
the skin ; and if the under-linen be forthwith changed, the 
most material part of the dirt is in that way got rid gL 
There can be no doubt that uncleanly people would suffer 
in their health much more than they actually do, if it were 
not for this influence of the clothes in absorbing and 
removing dirt and obstruction ixom the pores of the 
akin. 
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The under garments, whether of flannel or linen, that 
are worn next the skin, on this account soon become dirty 
with the soil, or thick refuse, of the perspiration which 
they absorb. K they are not cleansed from that soil, 
they may become at length sources of serious mischief. 
For the waste refuse, that is thrown out from the bodies 
of living animals, soon changes its nature and generates 
effluvia, which are even more energetic than itself in pro- 
ducing derangement and disorder in the living system, if 
they And their way back into the blood. Soiled clothes 
should, on this account, be removed and washed at fre- 
quent intervals, and clean linen be substituted in their 
place. 

The ordinary method adopted for washing under- 
garments, and bed and house linen, is a troublesome and 
laborious one. The soil, which is taken up from the skin, 
is of an oily, adhesive nature, and can only be got out of 
the clothes again by the exertion of labour and skill. 
Still, the washing of clothes is not an affair of uncertain 
observance. It is performed everywhere. All people 
send their linen to be washed as certainly and regularly 
as they get up and go to bed. This general adoption of 
the troublesome, laborious, and very often, therefore, costly 
operation abundantly proves also the general recognition 
of its need and importance. 

The most indispensable necessary, on the whole, for 
the performance of washing, is abundance of good water. 
But water alone is not enough, because of the oily 
character of the soil that adheres to linen. Water and 
oil will not mix. This difi&culty, however, is readily got 
over by the employment of soap, which possesses the very 
useful power of causing oil and water to blend. Soap, 
itself, is oil of some kind, which has been acted upon by 
soda. When oil and soda are mixed and boUod. 
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the oil loses its greasy character, and becomes '' soapy " 
instead — that is to say, it ceases to be repellent to water, 
and is changed into a substance which mixes readily with 
it, and which has the farther excellent property, once it 
has been formed, of turning additional quantities of oil 
into the same soluble condition. In other words, both 
oil and water will mix with soap, and consequently soap 
has the power of making oil and water blend. But the 
water must be fairly soft and pure for this result to ensue. 
If it contain a considerable quantity of a salt of lime, or of 
any other mineral ingredient of a similar character, the 
soap then turns to a hard insoluble curd, and loses its 
power of mixing with grease and oil. Hence, rain-water, 
which is sure to be free from impurities and hardness of 
this character, is always used for washing in preference to 
river or spring water, which may have taken up these 
undesirable ingredients in running through the ground. 
When water that is in some measure hard has unavoid- 
ably to be employed, soda is added to it, to counteract the 
effect of the lime. This it effectually does, and it also of 
its own accord turns greasy matters contained in soiled 
clothes into soap, and is so useful in a double sense. It 
has, however, two drawbacks that have to be reckoned 
with on the other side. It is apt to make the hands of 
those who wash the clothes sore, and, if too strong, 
it even injures the texture of the clothes themselves. 
It has, therefore, to be employed with judgment and 
care. 

When undyed clothes, such as shirts and other white 
under-garments, are about to be washed, the usual order 
of the proceeding is that a fair quantity of soap and a 
little soda are dissolved in warm water, and the articles 
are immersed in it one by one, and left to soak for some 
hours. This softens and loosens the finer portions of the 
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dirt. Soap is then rubbed over one face of the cloth, and 
its different parts are well chafed against each other 
between the hands. The same process is next repeated 
with the other ia/ae of the cloth. This is the part of the 
operation which entails such heavy work. The rubbing 
has to be done very resolutely and thoroughly, in order 
to get the adhesive deposits upon the threads of the cloth 
to stir. After this the clothes are boiled in fresh water, 
being enclosed within a kind of bag when the vessel is of 
iron, to prevent the whiteness of the cloth from being 
injured by contact with the metal. A little soap and 
indigo, or blueing, are added, the latter being used fo 
counteract a yellow tinge which is apt to be given by 
the soda and by the general process of washing. After 
boiling, the clothes are taken out from the copper and 
thoroughly rinsed in clean water, having also a little blue- 
ing in it, and are then wrung as dry as they can by the 
hands, and hung up on a stretched rope in the open air to 
be finished by the sun and wind. The rope and the pegs, 
which are used to fasten the clothes upon it, should be 
washed scrupulously clean before they are employed. In 
large establishments the drying is more expeditiously and 
conveniently managed in hot chambers provided for the 
purpose. 

Clothes that have been coloured by dyeing, are not 
soaked before being washed, nor boiled afterwards, 
because that would be apt to weaken the colours too 
much ; and they are often rinsed with water in which 
some salt has been dissolved. Woollen and flannel 
clothes are never boiled after washing, because that 
would cause them to shrink. 



^^ 
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Part II. 

The manual labour of washing clothes is somewHat un- 
pleasant and irksome on account of the hard rubbing 
which is required, and because this rubbing, continued 
long in hot water to which soda has been added, is very 
liable to make the hands sore until they have become 
well seasoned to -the work. The labour, nevertheless, 
pays so well, and is so steady in its demand, that there 
are always a large number of persons prepared to make it 
the business of their lives. Those, however, to whom 
cost becomes a matter of consideration, have to manage to 
get through the periodical washing with their own hands, 
and, when the family is a large one, can only do so with 
some considerable strain upon their strength and time. 
A good and orderly method goes some way towards the 
relief of this strain, and should, therefore, be adopted 
with thoughtfulness and care. 

Very clever machines have been contrived to lessen the 
manual labour of this strength- and time- taking process, 
and some of them successfully accomplish the object 
at which they aim. Unfortunately, however, like all 
machines, they are only of service when they are em- 
ployed upon a somewhat large scale. They most of them 
consist of chambers to be filled with the dirty dothes, 
which have soap and water forced through them in 
streams, by means of a wheel that requires the strength 
of a man or stout lad to turn it. When water is forced 
in this way through the clothes, as a matter of course, 
it at last washes away the dirt from them. 

After the clean clothes have been dried, they are 
either ironed or mangled, to give them a smooth surface. 
Before, however, this is done, they are first sprinkled 
with water to make them slightly damp, and folded in a 
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heap to allow the damp to spread equally through them. 
The mangling consists in passing weighted wooden rollers 
over them, and is used for such articles as table-linen, 
towels, and sheets. Wearing apparel has hot irons, 
instead of weighted rollers, passed over it, to give the 
smooth pleasant gloss, because the garments of which 
it consists are of too irregular shapes and too much 
encumbered with plaits and buttons, to allow of a long 
even roller doing its work upon them, as it can upon a 
broad and regular sheet. The irons are almost always now 
heated upon a stove, provided at the top with a hot plate 
upon which they can be conveniently placed, with a careful 
restriction of the heat to the temperature which is the best 
for the work, and with as little exposure to the dirt of 
the stove as possible. 

Many parts of under-garments, such as the wristbands 
and fronts of shirts, are stiffened with starch before 
they are ironed, in order to enable them to keep their 
shape when worn, instead of falling into loose crumples. 
Starch, which is prepared either from potatoes or rice, 
is used for this purpose. When boHing water is poured 
upon starch, it is changed into a kind of thin jelly, 
which is really gum dissolved in water. Starch is 
turned into gum by boiling water, very much as, in the 
living plant, it is turned into sugar by sunshine and rain. 
Both processes are merely a different form of the same 
operation. When this solution of gum has been soaked 
into the clean linen and allowed to dry, it is found that 
it has filled all the pores lying between the threads, and 
converted the whole texture into a firm stiff material. 
Just the same kind of result is produced if a piece of 
paper is soaked in a thin solution of gum, and allowed 
to dry and become firm; only ordinary gum i& 'Cf'^^ ^^^ 
beautifully white as the gum formol iconi «^at<2ti. Qcts^^ 
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experience and care are required in ironing starcho 
clothes to prevent the hot iron from sticking to the past 
fabric. Care is also required to prevent all linen, whethe 
starched or not, from being scorched in the ironing. 

In unskilful hands this may happen both from th< 
iron being too hot, and from its not being passed brisk!] 
and deftly enough over the surface of the cloth. Scorch 
ing, however, is still more likely to occur when the linei 
has not been sufficiently rinsed in clean water afte 
washing, because then some portion of the soda an< 
soap may remain in the fibres of the cloth and be afTectet 
by the heat. 
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SECTION 4 -THE HEALTH, THE HOUSE, AND MONEY. 



I. — Health and Disease. 

LESSON XLVII. 

THE NATUKE AND CAUSE OP SICKNESS. 

DEBIVATIONS. 

Physical. — Natural, pertaining to nature. Qr, PliusiSy nature. 
Palpable. — Perceptible to the touch. Lat. palpo, to stroke or 

feel gently. 
Sensual. — Devoted to the gratification of sense. LaL sensuSlis, 

belonging to sense. 
Array. — A number of objects set in order ; from an old Anglo-Saxon 

word. 
Congestion. — An unnatural accumulation of blood, in consequence 

of obstructed flow. Lat. congSrO, congestum, to gather together 

into a mass. 
Impairment. — A making worse, or injuring ; of doubtful deriva- 
tion. Probably from a barbarous Latin word ** impejorare," 

to make worse. 
Texture. — That which is woven. Lat, texo, to weave, to build. 

Part I. 

The human body, although made up of a very consider- 
able number of organs, or parts, which have each distinct 
offices to perform, and although framed of perishable 
material and delicate structures, has nevertheless within 
itself a power of orderly maintenance and endurance that 
is amongst the most wonderful of the arrangements of 
material nature. It is a notable and notorious fact in 
reference to one condition alone, that, namely, of temL^^^st^*- 
ture, or warmth, that although the rnXmot %\x^^\2Q3k» ^ 
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the hiunan body, and the streams of the flowing and eyer- 
circalating blood, reqnire to be steadily maintained at a 
heat of 98^ of Fahrenheit's scale, in order that the elabo- 
rate operations of the economy of life may be duly per- 
formed, people are nevertheless able to live for months at 
a time in places where the temperature of the air falls as 
much below that natural standard of animal heat as boil- 
ing water is above it. This was strikingly instanced in 
the recent expedition of the English explorers to the 
Arctic Sea, during which the temperature of the air at 
one period of the dark winter sank to a severity of cold 
105° greater than that of ice, or freezing water. Direct 
experiments have also shown that human beings can live 
for considerable periods in ovens heated to very nearly 
the temperature of boiling water, provided care be taken 
not to allow the skin to be touched by any substance that 
can energetically, or quickly, communicate to it the great 
heat. All this is simply because the living human frame 
has a very considerable power of adapting itself to un- 
usual circumstances, and of applying its own correction 
to unnatural conditions. 

The fact of this self-correcting capacity of the human 
body, which is thus strikingly illustrated in the case of 
cold and heat, is not less remarkably instanced in refer- 
ence to the other physical conditions by which its struc- 
tures are affected. It can adapt itself, without suffering 
injury, to a very large range of unusual circumstances. 
It can set right by its own powers of resistance, and by 
its own perfection of compensation, a great many de- 
rangements that are injurious in their tendency, and that 
would be hurtful in their results if they were allowed to 
continue. 

This indwelling power of preserving its proper ac^Qst- 
ment ot internal state is «o B>ttoTi^ in the human fnmd^ 
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that wom6n and men are not unfrequent)}^ seen to live for 
more than threescore years and ten in the most varied 
circumstances of social existence, without at any time 
suffering more than a trifling derangement of the natural 
operations of their delicate organizations. When this is 
the case, however, it always is because their mode of life 
is so simple and natural that they give the inherent pro- 
visions for correction and compensation fair play, and 
allow the injurious derangements to be removed by nature 
itself as soon as they begin to be apparent. 

With too many people, on the other hand, either be- 
cause they are altogether ignorant of the circumstances 
that are bringing about the deranged operations in their 
bodies ; or because they are too obstinate and wilful to 
deny themselves some passing enjoyment, or to refrain 
from some pleasurable excess; nature is not allowed 
fair play in this particular, but is oppressed and over- 
whelmed by a demand for an amount of correcting and 
compensating work which it is impossible for it to per- 
form. The healthy and easy operations of life are then 
changed into unhealthy and uneasy, or diseased, opera- 
tions. The proper and healthy actions of animal life are 
carried on for the most part without consciousness of the 
process. Deranged actions, on the other hand, almost 
always make themselves felt in some degree, and change 
the sense of comfort and ease into one of discomfort and 
.DISEASE. The discomfort and uneasiness in this case are 
like the grating and friction of disordered machinery. 
They are indeed a palpable sign, intended to draw atten- 
tion to the deranged condition, in order that the bene-* 
ficent efforts of nature to remove the derangement may 
be aided, or, at any rate, not wilfully interfered with and 
opposed. The combination of this feeling of discomfort 
with disordered state is of such con&Wi\i o<^<s<QXtesi^^^'QKAib 
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the word " disease " has been almost universally adopted 
as a term for wrong action in the living frame, and dis- 
order and disease are now used as words that mean 
the same thing. The term health., employed on the 
other hand to express the state when all the various 
actions of the living body are easily and properly per- 
formed, and when no disease or discomfort of any kind is 
experienced, is an old Anglo-Saxon word. It was used by 
our ancestors to designate that indwelling power of cor- 
rection possessed by the frame, which strives to remove 
disorder whenever it begins to present itself, and which, 
therefore, in that sense, healeth., or maketh whole, 
and so constitutes health. 



Part 11. 

A VERT large number of the diseases, or disorders, to 
which the living human body is subject, are most cer- 
tainly due to circumstances that can be removed or avoided. 
A considerable proportion of them results from gross igno- 
rance on the part of the sufferers. When people begin to 
feel the disease, or the discomfort of the deranged state, 
they do not know what it points to, and, on that account, 
make no effort themselves to give nature fair play, and to 
help it in its remedial operations. Too often, in their 
ignorance, they do exactly the other thing, and increase 
the force of the injurious agencies, until nature has small 
chance in the unequal conflict. The only efficient remedy 
for this fault is increase of enlightenment and improved 
knowledge. Young people need above all things to be 
taught at least so much concerning the structures of their 
frames, and the physical influences that act thereon both 
for good and ill, as will enable them in the advancing 
years of life to escape from tioi^ ^tvo^sa '^nalty. 
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Another and a considerable part of the preventible 
diseases must be ascribed to perverse wilfulness, quite as 
much as to ignorance. People refuse to bear in mind 
the unavoidable consequences that must follow upon some 
mere sensual indulgence, which, although it gives a brief 
enjoyment, entails afterwards derangement and discomfort, 
in consequence of the unnatural conditions in which it 
involves the delicate organization of some part of their 
frames. Excesses of various kinds in eating and drinking 
are the most frequent sources of this form of mischiel 
Highly flavoured and tempting dishes are used until the 
natural appetite for simple food is perverted into an un- 
natural craving for strong flavours, and until quantities 
of food are introduced into the stomach which are far 
beyond its assimilating powers, and so cannot be con- 
verted into healthy flesh and blood, or be turned to 
useful account in supporting the movements and actions 
of the system. 

The injudicious use of strong drink is a still more 
fertile cause of derangement and disease amongst women 
and men than other forms of sensual indulgence. The 
excessive use of strongly flavoured or not easily diges- 
tible food ordinarily produces disinclination, or disgust, 
which limits the mischief. But unfortunately the habitual 
employment of strong drink has an exactly opposite effect. 
It creates an artificial want, and establishes a craving, 
which it is almost impossible to escape from when it has 
once been called into existence. 

The unfortunate habit is also one which is most easily 
indulged under the circumstance of the too abundant pro- 
vision that is made, almost everywhere, for its exercise. It 
is for these reasons that the use of strong drink needs to 
be watched and suspected before all things. 

The diseases which are well kno^wu \ft 'Si^ €fcl'5&::5 ^ss^a*^ 
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injudicious eating and drinking and to the habitual mis- 
use of fermented drink, make up a formidable and terrible 
array. Eheumatism, gout, inflammation of an endless 
diversity of kinds, congestion and obstructed flow of 
blood, fever, headache, painful affections of the delicate 
and sensitive nervous structures, indigestion, and, above 
all things, those impairments of textures which are called 
organic, or structural, disease, and which, in plain lan- 
guage, are the destructive disorganization of the living 
substance of the firame, all belong to this group of dis- 
orders. The great excreting organs, — the liver, kidneys, 
and lungs, — whose especial work it is to remove from 
the body worn-out and useless material, are, as a matter 
of course, prone before all other organs to suffer from this 
cause, because they are, in the first instance, called upon 
to deal with the injurious excess, and so the brunt of the 
evil falls upon them. 

The only efficient remedy for this source of mischief is 
increased strength of moral perception and purpose. In 
order to enable them to avoid the injurious indulgence of 
their mere sensual appetites, young people require not only 
to know clearly what is the exact nature of the evil they 
have to avoid, but also to be exercised in that discipline 
which gives them the power to refrain from mere passing 
indulgence when it can only be reaped at the cost of a 
subsequent penalty ; and which also makes them incapable 
of doing, for the sake of any present or prospective gain, 
aught that they know upon higher grounds and principles 
to be wrong. 
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LESSON XLVHI. 

INFECTIOUS DISEASE. 

DEBIYATIONS. 

Economy. — Gr. oikonomiay the management of a household or 

family. 
Efficacious. — Producing the effect intended. Lot. efficio, efficax, 

to bring to pass. 
Efficiency. — Efficient agency. 

Depraved. — Made bad. Lot, depr&vo, to corrupt. 
Emanation. — Something which goes out, or proceeds, from another 

body. Lat, emano, to issue or flow out.. 
Complex. — Not simple, composed of two or more parts. Lat, 

complexus, containing cum and plexus, woven together. 
Agency. — ^The operation of an agent or actor. Lat, Sgens, doing. 

Part I. 

Ebbobs and mistakes in the management of food and 
drink have, on the whole, more to do than anything else 
with the production of the most ordinary forms of dis- 
order and disease* It necessarily is so on account of 
the large and important part which the continued supply 
of nourishment plays in the various arrangements of the 
living economy. The digestion and liquefaction of the 
food, the formation and circulation of the blood, the 
repair and support of the organized structures, the 
maintenance of the various kinds of vital movement and 
force, and the removal of useless excess, are all iprocesses 
which are immediately affected and deranged by this 
influence. 

The most general way in which derangements of this 
class begin to take effect, is that they lead to ^^ ^s^soK^ssoa^ 
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weakening of the reparative powers upon which nature 
depends for remedial work. All the purifying organs, 
which are concerned in the removal of useless or waste 
material out of the system and the blood, are embarrassed 
and oppressed by the additional labour that is thrown 
upon them ; and so they become less efficacious for their 
purifying operations, just at the time when the unusual 
effort is required. The liver, the kidneys, the lungs, and 
the excreting apparatus of the skin and of the lining of 
the internal cavities of the body, are all very prone to be 
weakened and thrown out of their proper state of activity 
from this cause. There are other circumstances, besides 
the mere pressure of extra work, that produce similar 
effects upon these all-important organs ; such, for instance, 
as the sudden application of cold at a time when the body 
is exhausted and fatigued, as well as heated, by exertion. 
As a simple fact, however, these additional causes of 
derangement are more easily dealt with by nature, and 
more easily rectified, than the errors of excess. They 
are external to the frame, and, for the most part, very soon 
cease to operate, in the ordinary progress of events; 
whilst, on the other hand, the influence of injurious 
excess is internal to the frame, indwelling in the body 
wherever it goes, and, under the ordinary arrangements 
of social life, almost certain to be frequently renewed and 
long sustained. 

When the mischief is continued, in this way, until the 
purifying organs have been very materially injured in 
their ef&ciency and power, the blood gets more and more 
contaminated by the accumulation of the improper matters 
that are left in its streams. The impure blood being 
then carried to all parts of the living structures, they 
become sensible of the imnatural condition, and some of 
ibe moBt sensitive of the oigans make strenuous efforts to 
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rid themselves of it. The heart beats hurriedly and 
irregularly; the breathing becomes quick; the skin is 
alternately chilly and hot; the stomach acquires a 
loathing of food; sleep is prevented or disturbed; the 
mind is oppressed with weariness and fatigue ; the secre- 
tions of the different parts are dried up, or become de- 
praved, and the limbs are affected with aching and pain. 
In short, the usual and proper state of comfort and ease 
is exchanged for an unusual state, in which every part of 
the body is in discomfort and disease. This general 
state of all-pervading uneasiness is the condition which is 
known under the familiar designation of fever. The 
word has been selected for expressing this state of disease, 
because one of its most prominent indications is that the 
skin becomes preternaturally hot. The word fever is 
derived from the Latin ferveo, which signifies to 
make hot. Fever is, thus, simply that state of the 
living body in which every organ and texture are sup- 
plied with impure blood, and in which every excreting, 
or secreting, part is engaged in a more or less laborious 
and distressing effort to free itself from the^oppression. 

It is a particularly important fact, which has been 
learned through actual experience, that, when the blood 
becomes very deranged from this cause, it soon acquires 
an energetic power of communicating a similarly dis- 
turbed state to other blood by the conveyance to it of some 
minute portions of its own disordered substance. These 
often only consist in the vapour-emanations or effluvia, 
which issue from it into the air with the breath or with 
the exhalations of the skin, and which so find an entrance 
into other living bodies when the contaminated air is 
breathed by them. All fevers are not of this character ; 
but all are apt to become so when the derangement is 
sufficiently advanced and severe. The f^^^t W ^^ss^. 
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said to be of an infectious nature, the term being in- 
tended to express that the disorder can be communicated 
from one person to another, by emanations generated in 
and issuing from the primarily diseased frame. The 
word infection is derived from the Latin term inflcio, 

which means to affect, or contaminate, with, the 
same state or condition. 



Part II. 

Thebe are some diseases of an infectious character' in 
which this communication of the diseased state from one 
body to another can be traced as it occurs, by direct 
observation. Thus, in the particular kind of fever which 
is called small-pox, the most impure part of the disordered 
blood is thrown out through the skin, in the form of small 
pustules of matter, which lift the outer skin up where 
they appear. If a small portion of this matter is taken 
from the pustule, and inserted into a minute prick made 
in the skin of another person, who has not previously had 
the small-pox, or been protected against it by vaccination, 
small-pox within a few days almost certainly occurs in 
the individual who has been so treated. 

In infectious diseases that are communicated by 
vaporous emanations from the skin, or by exhalations of 
the breath, the process, by which the result is brought 
about, cannot be as readily observed. But it is, never- 
theless, of an altogether similar character. Some actual 
substance of an unnatural or disordered kind, that has 
been produced in the blood of one individual is introduced 
into that of another, and there, by its mere presence and 
contact, reproduces the same unnatural and disordered 
Btate, 
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The precise character of the disordered substance, 
which thus acquires the hurtful power of communicating 
a particular diseased state from one person to another, 
is not yet satisfactorily ascertained. This is one of the 
mysteries of life which is still being anxiously inquired 
into by men of scientific attainment and thoughtful minds. 
The result is, however, in some way coaneoted with the 
circumstance that the deranged substance of the blood 
and of the structures of the body becomes prone to rapid 
decomposition. Poisons of a very subtle nature are 
formed, by the regrouping of the elementary atoms as 
they pass from the state of organized structure into 
their primary and separated conditions ; and, so long as 
they remain in this first stage of decomposition, they 
retain the mischievous power of infecting other blood 
with their own injurious and poisonous tendencies. But, 
as soon as they have passed from this intermediate and 
temporary state, into the advanced condition of decay in 
which their original elements are more perfectly separated 
from each other, they lose their infectious powers, and 
once again become harmless. It is on this account that 
infectious disease is liable to be produced wherever there 
is a great abundance of putrefying, organic subptance, 
undergoing destructive change after the cessation of life ; 
and it is also on this account that infectious disease very 
constantly disappears when such products of abundant 
putrefaction are hurried away into open spaces of fresh 
air as speedily as they are formed. In the free, open air, 
the subtle products of the putrefactive process are 
hastened on, by the disintegrating touch of the atmo- 
spheric oxygen, into the harmless state of final resolution 
into their primary elements. 

Diseases of this more complex character are less under 
the control of human agency than the siocL^Uit v!^ftK^% ^^^ 
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disorder that can be more immediately traced to injurious 
and nnnatural habits of life. They require for their 
avoidance or removal a clearer understanding and a wider 
knowledge of the conditions upon which they depend. It 
is, nevertheless, equally true, that in the first instance 
they are almost always generated by circumstances thai 
could have been avoided ; and that, even after they have 
been caused, they can be arrested in their mischievous 
career through the instrumentality of human intelligence. 

It is assuredly the case that there are some diseases' 
afflicting mankind, which in the present state of know- 
ledge appear to be altogether beyond human controL 
These, however, happily are of less frequent occurrence 
than those which can be influenced and avoided; and 
there can scarcely be a doubt, that with the further 
advance of human intelligence and the further progress 
of science, many of such as yet uncontrollable diseases 
will be brought within the sphere of prevention and 
sanitary management. 

In the meantime, there remain two great practical facts 
which it is important that everyone should be familiar 
with. First, disease is not a natural, but an unnatural 
state, brought about by a series of circumstances which 
ought not to exist, and which, at least to a very large 
extent, are capable of being avoided or removed; and, 
secondly, this unnatural state is itself removed, in most if 
not in all instances, by the operations of nature itself, if 
these be not perversely or ignorantly crossed and inter- 
fered with. The proper tendency of disease is to a, 
natural cure, and the most important steps in the curative 
management of disease resolve themselves into helping 
and forwarding the beneficent operations of that process. 

The great natural agencies for the removal of disease 
come less freely and readily into play in the artificial 
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arrangements in which people live when they are crowded 
together in social communities. The fresh air, for in- 
stance, which is one of the chief coratiye influences, 
employed both for the removal of injurious excess from 
the body and for the speedy destruction of its infectious 
exhalations, has less ready access to people who live in 
cities and towns, than it has to those who dwell in the 
open country. The removal of waste decomposing 
matter, and of dirt of all kinds, is less easily ensured there ; 
and so also is the. prompt withdrawal of many forms of 
injurious excitement and excess. It thus unavoidably 
happens that nature needs more help in its reparative 
work in the circumstances of civilized existence, than 
where the arrangements of human life are more simple 
and rude. 

The various conditions of derangement, upon which 
sickness and disease depend most, require, therefore, to 
be imderstood by civilized communities ; savages may be 
left in such matters to the general provisions of nature ; 
but civilized people need that those provisions, beneficent 
and marvellous as they are, shall be supplemented to a 
considerable extent by individual and intelligent action. 
Such, indeed, is a part of the price which man has to pay 
for the privileges he enjoys as a rational and responsible 
being. He is expected to employ, in his own behalf, the 
great gift of intelligence and reason which has been 
accorded to him; and it is in this sense, and from this 
point of view, that the art of nursing in sickness becomes 
an important characteristic in a well-ordered system of 
domestic economy. 



^ ^ 
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LESSON ZUX. 

NURSING IN SICKNESS. 

DERIVATIONS. 

Anemometer. — An instrument for measuring the strength, or 
speed, of the wind. Gr. anemos, wind, m.etreo, to measnre. 

Palpable. — ^That can be touched. Lot, palpo, to stroke. 

Expedient. — Convenient, or efficient plan ; serving a purpose. LaL 
expSdio, to bring to pass. 

Indisposition. — Slight illness. Lat indispSsitus, displaced or 
disordered. 

Part I. 

In the large hospitals which are provided in cities and 
towns for the treatment of sick people, the nurses, who 
attend upon the inmates, are carefully taught and train^ 
for the services which they have to render. Such nurses 
accordingly are very skilful and efficient in their work. 
As, however, many more have to be nursed through sick- 
ness at home than can be treated in such establish- 
ments, it falls to most persons to be called upon at some 
time or other to have to give help to their relatives and 
friends when disabled by illness. It is of great practical 
importance, therefore, that all women, at least, should 
know how they may best render such assistance in their 
homes. In cases of slight disease but very little help 
may be required. But, even then, it may make a differ- 
ence of some hours or days of distress and of more or less 
prolonged incapacity for work, whether that help be 
readily and judiciously afforded, or the reverse. In more 
severe and protracted cases of disease, tho same circum- 
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stance may possibly myolve the difference between re- 
covery of health and premature death. 

In all instances of severe illness, the sufferer is confined 
more or less completely to bed, and is, therefore, depen- 
dent upon the attendance that is furnished by others. In 
such circumstances the entire arrangements within the 
sick room of necessity become the charge of the nurse. 

In the care of a sick room, perhaps, the one thing that 
stands before all else in importance, is the securing of 
pure fresh air at all times within it. Fresh air is needed 
at all times by living human beings, in order that the 
purification of the blood may be efficiently maintained 
through the operation of breathing. But it is obviously 
even more urgently required when the blood is becoming 
unusually impure from the presence of disease ; and when 
the sick person is confined to the narrow space of one 
room by day as well as by night. When the invalid is 
prevent by indisposition from going into the outer open 
spaces where the fresh wind blows, the sufficient puri- 
fication of the air can only be secured by bringing in to 
such invalid that which he is incapable of going abroad 
to seek. 

The means by which fresh air can be most readily 
admitted into a sick room is obviously by opening the 
windows. The door of the room communicates in most 
cases with the other interior spaces of the house; but 
the window invariably opens to the fresh external air. 
As a general rule, therefore, in chambers where sick 
people are confined to bed, the window should never be 
entirely closed. The sash should be drawn down a little 
from the top, so as to allow enough fresh air, for the 
needs of the case, to flow into the room. But, as air does 
not readily flow into a room unless provision is made for 
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B onrrent out as well as in, a second opening of 
extent must be provided in some other part of tli 
and ft careful examination be made &om time to 
Bee that the onrrent ie both established and sn 
There is a very nsefnl little instrument now cons 
called a ventilation-anemometer, which consists ol 
flywheel turning before moving air in such a wa^ 
indicates, by a revolving index, or hand, the am 
the movement. This is a valuable instmment 
Bcientifio management of ventilation. But a ru 
efBcient substitute may be easily provided by tying 
feather, or some down, to the end of a piece of thii 
or silk. The drifting of the light object will at on 
the movement of any current of air in which it is 

When there are two windoivB in a room, the n 
current of air may be generally secured by openi 
window below whilat the second is opened to tl 
extent above. If there be not a second window, the 
must be eetablished by opening the single windo 
below and above, by leaving the door a little aja: 
open chimney, or by some other expedient whi 
easily be thought of when the object that is reqi 
known. 

In providing, however, the current of fresh aii 
essential to the good management of a sick room, 
great conseqnenoe that no cold draught shall fa 
the invalid. This is easily prevented by the empi 
of a sufficient covering of bedclothes, and, if ne< 
by the intervention of a cartain or screen. There : 
anything to fear from even cold fresh air, when the 
of the body is snf&ciently preserved by proper ce 
Open windows and warm bedclothes ore prime nee 
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secured when the outlet for the air is provided by means 
of a chimney under which a fire is maintained. The com- 
bined influence of a Are burning in the grate, and of an 
open window, is about the most satisfactory provision that 
can be adopted for the due ventilation of a room ; and it 
is only when the air is extremely cold, or extremely hot, 
that it may be undesirable to trust to this most excellent 
combination. 

In ventilating a sick room, the object which has to be 
aimed at is mainly to keep the air, contained within the 
room, as nearly as possible in the same natural condition 
of freshness and purity as the atmosphere which floats and 
circulates in the open spaces outside and around the house. 



Part II. 

The matter next needing the nurse's attention in a sick 
room, when the due admission of fresh air has been pro- 
vided for, is to see that all materials which tend to con- 
taminate the air are removed from the chamber as speedily 
as possible. . The fresh air, which enters a sick room by 
the open window, can perform its purifying work but very 
imperfectly if it find within the room accumulations of 
dirty and decomposing substances. The most absolute 
and scrupulous cleanliness is therefore required in nursing 
the sick. 

The substances which are most productive of mischief 
in the chamber of sickness, obviously are the emanations 
that issue from the patient's own body. Vapours are 
constantly pouring out with the breath, and through the 
pores of the skin, which are the products of the destruc- 
tive decomposition of the disordered structures within the 
frame. The excretions which pass from \Jtka \»^^ ^aosk 
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time to time in a more palpable form, being themselves 
in a state of putrefactive decay, pour out, on their part, 
unceasing streams of the same noxious vapours. The ex- 
cretions of this class can fortunately be at once carried 
away, and always are removed out of the room without 
delay in all well-ordered nursing. 

But the vapours which exhale from the lungs and, 
still more, from the skin, are not so easily dealt with. 
They are closely associated with moisture, and, in this 
moist state, they attach themselves to the clothes of the 
patient and of the bed, and to all soft porous matters that 
come within their reach. There they remain steaming out 
their subtle effluvia, unless they are removed by suitable 
and more searching expedients. 

On this account, the linen of the patient requires to be 
very frequently changed, and of the bed also, so far as 
this can be done. The skin itself should be cleansed at 
least once every day. When the skin is thus cleansed, it 
is clear that the linen, both that which is worn upon the 
person and that which forms part of the furnishing of the 
bed, needs less frequent change than it would otherwise 
do, because the clean state of the skin prevents both from 
being as speedily soiled. The washing of the skin of sick 
people can always be accomplished without risk or dis- 
comfort, if it be managed in the proper way. The skin 
has to be gently sponged first with soap and warm water, 
and then with warm water alone, and after that should be 
quickly wiped dry with a soft warm towel. This wash- 
ing is best done piecemeal, and to only a small portion of 
the body at a time. The clean linen should invariably 
be thoroughly dry and slightly warm when it is put upon 
the patient. 

Soft and light woollen blankets are the only other bed- 
coverings, besides tlie E\LQek\A) tVv&t should be used in aiok- 
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ness. The linen, if changed often enough, goes far to 
preserve the blankets in a wholesome state; but the 
blankets should also be changed from time to time, and 
those which have been removed should be hung out in the 
open air and sunshine to get rid of any volatile and objec- 
tionable effluvia they may have imbibed. 

All curtains and carpets should, from the first, be 
cleared away from the sick room. No hangings of any 
kind should be allowed to the bed when the illness is pro- 
longed and severe. All such things serve to absorb and 
keep in the hurtful vapours which it is so desirable to get 
rid of; to prevent the ready and free circulation of fresh 
air ; and to make it more difficult to preserve absolute 
cleanliness. In the absence of such obstacles and encum- 
brances, it becomes a very easy thing to ^pe, at frequent 
intervals, the floor and other parts of the room, as well as 
some portion of the furniture with moist cloths, which 
readily take away dirt without causing dust. 

The best bed that can be used in sickness is a soft well- 
made mattress of hair. But, in cases of prolonged and 
serious illness, even this should be changed, and well- 
turned and aired from time to time. The bedstead itself 
should be of iron, and fairly low, so that the moving and 
shifting of the patient can be conveniently managed. 

The arrangement of the pillows in sickness is a matter 
of considerable importance to the comfort of the patient, 
and it is one that requires the exercise of both skill and 
intelligence on the part of the nurse. The object which 
has to be aimed at is to make sure that the body is sup- 
ported in a natural and unconstrained position at as many 
points at once as possible, so as to prevent any tendency 
to slip ai^d slide about under the influence of its own 
weight. The most perfect and comfortable bed that can 
be employed in cases of severe illness and ^^i^ ^^^c>^?j 
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is that which was contrived by the late Dr. Neil Amott, 
and which is known as his water-bed. In it the body of 
the patient floats upon water, with a smooth layer of 
waterproof cloth and warm dry blankets between ; and so 
every part of its under surface is evenly sustained in what- 
ever position the trunk and limbs may be placed. The 
liquid rises up everywhere into close contact with the 
weight that has to be sustained. The water is held in a 
sort of trough, which is then covered at the top with water- 
proof cloth, made water-tight round the edge where it is 
joined to the wood. Mere water-tight pillows and bags 
filled with water, which are sometimes used in the place 
of this bed, but imperfectly answer the purpose that is in 
view. The body of the patient requires actually to floaty 
evenly sustained everywhere, upon the surface of water, 
just as it does when a swimmer is immersed in the 
liquid. 

These great rules, for providing an unstinted supply of 
fresh air, and for maintaining the utmost attainable clean- 
liness, require to be observed in all cases of sickness where 
the invalid is confined more or lesQ to bed. They aid 
nature in its own efforts to bring about the cure of the 
disease, and so materially shorten the period of its con- 
tinuance. They contribute also in a very important 
degree to the comfort of the patient. When, however, 
illness has been so prolonged and severe, or is of such a 
nature that actual infection has been generated and come 
into play, the need for their observance is increased a 
himdred fold, for it is these very influences that are the 
destroyers of infectious power. No infection continues 
to operate where there is abundance of fresh air, unfailing 
and unqualified cleanliness, and unremitting attention 
to the wants and incapacity of the sufferer. It is well 
known that, in hoBpitala vf\aQ\i «iXQ devoted to the treat- 
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ment of the worst forms of fever, the disease is never 
communicated through the wide spaces of fresh air which 
are provided in the well-ventilated and well-kept wards. 



Part III. 
In the slight attacks of indisposition which are of fre- 
quent occurrence amongst people in the ordinary circum- 
stances of life, a little abstinence from food and drink 
and a little extra rest are generally all that is required to 
remove the derangement, because these afford the some- 
what overtaxed and oppressed powers of nature the 
opportunity to recover their proper influence and state. 
When this is the case, the recovery is speedily marked 
by a return of the natural appetite, or the desire for 
simple and wholesome food, and by a restoration of the 
natural amount of activity and vigour. 

But where the derangement is of a more serious kind 
this is not the result. A more prolonged continuance of 
care and nursing is required before the weakened and 
. oppressed organs of the frame can resume their natural 
and healthy operations, and so efface the disease. Under 
such circumstances the regulation and management of the 
diet are matters of the utmost consequence. Food, which 
gives strength to persons in health, not unfrequently is 
seriously hurtiiil to invalids. The rule still obtains that 
abstinence of a certain kind is required, but it must only 
be abstinence from heavy and improper forms of nourish- 
ment, whilst better and more suitable kinds are furnished 
in their place. In prolonged sickness the body must be 
sustained at the same time that all unmanageable or 
oppressive food is withheld, and the accomplishment of 
this purpose is one of the services that the skilful nurse 
has to render. 



284 THE HEALTH, THE HOUSE, AKD MONET. 

The first step in the preparation of food in sickness is 
so to arrange that much of the effort and work, which are 
thrown upon the stomach in health, are performed by the 
preliminary operations of cooking. The employment of 
such readily digested foods as beef-tea, which is merely 
the diluted juice of the meat, simple broths, gruel, arrow- 
root, butter, cream, and the various lighter combinations 
of milk and eggs with flour or bread, rests mainly upon 
this ground. The diet in sickness needs to be light 
rather than strong, and to be given in small quantities at 
frequent intervals, instead of in large quantities at the 
usual period for meals. The good nurse has of necessity 
to discover by direct observation of the case, and by care- 
fully feeling her way, what kind of food is best taken by 
the patient, and is most beneficial in its effects ; and also 
in what way it may be most advantageously administered. 
But, in doing this, it will always hold good that the food, 
whatever it may be, must be very carefully prepared, and 
that it must be in the freshest and most satisfiEU3toiy 
condition. Such things as sour milk, stale eggs, and 
preparations of food haK spoiled by long standing, must 
never, under any circumstances, be allowed to come 
within reach of the sick. Invalids are much more 
sensitive to offence of this character than persons in 
health, and very readily acquire a disinclination, or 
disgust for the nourishment which it is desirable they 
should be induced to take. As a general rule, it will be 
found that sweet things are neither suitable for, nor 
palatable to, invalids. The sick should be interfered 
with as little as possible whilst engaged in taking food ; 
they should be kept at the time from having the attention 
drawn to other occupations or thoughts. It is one of the 
golden rules in well-managed hospitals that no other 
/proceedings are allovred to go on in the wards when the 
patientB are engaged at ftievt xaaeXa, 
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The best of all drinks in cases of sickness are water 
and tea. Some other kinds, such as barley-water and 
lemonade, may be advantageously given at times. But 
pure fresh water is always the most acceptable of all 
beverages to the sick. Tea, when judiciously ad- 
ministered, is a supporting as well as a refreshing drink. 
Tea will often promote sleep in illness, where sleepless- 
ness is due to nervous exhaustion. The tea, however, 
that is given to invalids should be of good quality, well 
made, mixed with a fair quantity of milk, and be allowed 
only in small quantities at a time. It is almost always 
found that small quantities of such restoratives as tea . 
produce a more beneficial effect than large ones. As a 
general rule, tea should only be given to invalids in the 
earlier hours of the day, and not later than four or five 
o'clock in the evening, as, when taken after this, it is apt 
to render an invalid wakeful at night. Fermented drinks 
of aU kinds should be entirely withheld in sickness, unless 
in such circumstances as require for some special reason 
the influence of alcohol upon the system. They then 
take the place of medicines rather than of food, and, on 
that account, should be dealt with by the doctor rather 
than the nurse. 

Best is scarcely less influential than judiciously ad- 
ministered food in the removal of disease, and the best 
and most perfect kind of rest is sleep. The nurse, who 
is aware of this, takes care that no accidental disturbance 
shall interfere with sleep, and especially at night. When 
the patient is, so to say, settled down for the night, no 
noise, abrupt movement, or flashings of strong light must 
be allowed in the room. It is more difficult in general 
for weak people to get to sleep again, if they be disturbed 
soon after the beginning of their rest, than it is when they 
are disturbed at a more advanced hour of tbi^ \^!^c^. ^S^ 
this account, the earlier part of ttio m^^'xxa^^&X^'Hs^^^^^ 
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most carefully provided for in the arrangements of the 
attendant. It is a remarkable fact that, in sickness, the 
more invalids sleep the more they appear to acquire the 
power of doing so, and of being benefited by the rest 
The great difficulty in sickness is to get invalids to begin 
their sleep after long intervals of restlessness. The utmost 
care has, therefore, to be taken to do everything that can 
promote the inclination to sleep, and to avoid and foresee 
everything that can disturb or cross it. 

But in cases of prolonged iUness, where the powers of 
the mind as well as those of the body are weak, all sudden 
noise, hasty and purposeless movements, and unnecessary 
interference with the repose of the invalid, need to be 
avoided in periods of wakefulness, as much as in those of 
sleep. Sudden noise, when caused by some occurrence or 
circumstance that is not obvious to the eye, is at all times 
startling, and startling disturbance is of necessity dis- 
tressing and hurtful to the sick. The movements of the 
nurse about the room of the invalid should be im- 
hesitating, prompt, and directed at once to the object 
which is to be attained ; but they should be at the same 
time gentle, quiet, without fuss or bustle, and not such as 
to draw unnecessary attention to what is going on, or to 
excite unnecessary effort on the part of the patient 
Creaking shoes, rustling clothes, the swinging and bang- 
ing of doors, fussy and purposeless movements of objects 
and articles in the room, sharp speaking, and, above all, 
meaningless gossip and babble, are all very objectionable, 
and often very injurious, in the chamber of sickness. In 
speaking to an invalid, or in reading, where that is 
necessary, the words should always be distinct and slow, 
ample time being given for the weakened powers of per- 
ception to follow their meaning without getting em- 
iharrassed or confuBoi, ot mthout having to incur the 
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distressing effort of asking for a repetition or explanation 
of anything that has been said. 

The punctual and faithful observance of the directions 
of the doctor in sickness is so manifest a duty on the part 
of the nurse that it scarcely needs to be named. The 
intelligent performance of this duty, however, implies that 
the nurse comprehends the immediate object which the 
doctor has in view, and forwards it by her own judicious 
interpretation of such instructions as she may have re- 
ceived. The administration of medicines is one very 
important way in which this rational obedience has to be 
shown. The nurse needs not only to be both punctual 
and exact in giving medicine, but also so far to under- 
stand the reason for which it is given, as to be able 
to draw the attention of the doctor to its operation and 
effect during the intervals of his visits to the patient. It 
is in the power of the nurse in this way to render the 
most valuable and efficient aid to the doctor as well as to 
the invalid. 
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n. — The House and its Appliances. 

LESSON L. 

VENTILATION. 

DBBIYATIONS. 

Voluxxie. — Dimensions, amount of space occupied. Lat. vSluxiieily 

the space included in a roll, or coil. 
Proportional. — In due relation to. Lat, proportio, the relation 

of one thing to another. 
Expired. — Breathed out. Lat. ex, from spiro, to breathe. 
Per cent. — By, or in, the hundred. Lat, centum, a hundred. Ten 

per cent, means ten parts out of a hundred parts. 
Equivalent. — Of equal value. Lat, esqualis, equal ; vSlSo, to 

be worth. 
Insidious. — Lying in wait, treacherous. Lat, insididsus, wily, 

or deceitful. 

Part I. 

The interior of the chest of a full-grown man, or woman, 
contains from 200 to 230 cubic inches of arr di£Pased 
through its innumerable air-tubes and chambers. With 
each act of breathing about 30 of these cubic inches, or 
something like an eighth part of the whole, are changed — 
that is to say, 30 cubic inches are driven out from the 
chest through the mouth, by the drawing together of its 
walls, and by the diminution of its cavity ; and then 30 
cubic inches of fresh air from the outside are drawn in 
by the subsequent moving apart of its walls and increase 
of its cavity. 

But the air, which comes out from the mouth after this 
operation, is in a notably different state from the condition 
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it is in when it enters the chest When it goes in, it is as 
cool as the external air, whatever that coolness may be. 
When it returns, it is at blood heat, or at a temperature of 
98° of Fahrenheit. When it goes in it is moderately dry, 
but when it returns it is heavily laden with moist vapour. 
When it goes in it does not contain more than three parts, 
by volume, in each 10,000 parts of its own bulk, of the 
heavy vapour of carbonic acid ; but it contains, when it 
returns, 470 parts, by volume, or 6 per cent., of carbonic 
acid, and the same proportional quantity less of pure 
oxygen than it had when it went in ; that quantity of the 
oxygen having been exchanged for the heavier compound 
gas. The expired air also contains small but important 
proportions of various volatile vapours, or effluvia, which 
result from the destructive decomposition of the complex 
substances within the body. 

The immediate practical consequence of these changes, 
produced in the condition of the air by breathing, is that 
it is spoiled for the purposes of animal life. Air cannot 
be breathed over and over again without producing very 
serioiis disease, and, in the end, even death. 

When a full-grown woman pr man goes on steadily 
breathing fresh air in this way, pumping it in and out some 
fifteen times every minute, as much as nearly 400 cubic 
feet of fresh air is passed through the chest in twenty-four 
hours. But, in that time, 18 cubic feet of the oxygen which 
were contained in that air are removed, and 18 cubic feet 
of carbonic acid are added in their place, in order to gene- 
rate which, not less than half a pound of actual black 
carbon is taken out of the body and from the blood. 
More than half a pint of water is also removed by the 
same path, to constitute the heavy load of moist vapour 
which escapes with the breath. 

The fresh outer air, which blows about in th^ oj'^w^i. 
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spaces of nature, never contains more than three volmnes 
of carbonic acid in each 10,000 yolnmes of itself that is, 
thirty-three times less than 1 per cent. This is nature's 
own standard of purity.* If, at any time, the proper quan- 
tity of carbonic acid floating in air be doubled, that is, if 
10,000 volumes of air contain six volumes of the heavy 
gas instead of three, that air is so fiEur spoiled as to be no 
longer capable of being breathed without producing dis- 
order of some kind. If the quantity of carbonic acid be 
increased 40 times, or to 240 volumes in 10,000 volumes 
of air, that air becomes unable to sustain either flame or 
the breathiug of animals. The 5 per cent, which is con- 
tained in air that has been breathed, is, however, nuxre 
than double this amount. It is manifest, therefore, that 
it cannot go on sustaining the operations of life. 

But the air which has been breathed by a living animal 
is injurious, or, in other words, poisonous to other living 
beings, in consequence of the combination of three cir- 
cumstances. First, that a considerable portion of oxygen 
has been removed ; secondly, that a considerable amount 
of carbonic acid has been added in its place ; and, thirdly, 
that other injurious emanations, resulting from the decom- 
position of complex organized substances, have also been 
added. The mischief is not merely the consequence of the 
direct poisonous influence of the heavy carbonic acid vapour 
itself. For if 5 per cent, of pure oxygen be added to air 
that has in it 5 per cent, of carbonic acid, generated in the 
process of breathing, then such air can continue to support 
animal life, although still charged with the excessiye pro- 
portion of carbonic acid. 

The increased quantity of carbonic acid, however, in 
the circumstances of ordinary life is at all times associated 
with the other causes of mischief, namely, the reduction 

♦ See page 73. 
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of the vital air, or oxygen, and the production of the 
volatile and poisonous effluvia. Its presence, therefore, 
for all practical purposes, may always be taken as a proof, 
or sign, that the air is to that extent of a dangerous and 
unwholesome character. 

Carbonic acid is produced in the air by the burning of 
fires, and of lamps, candles, and gas, quite as abundantly 
as it is by the breathing of animals. Thus, two ordinary 
sperm candles do as much to spoil the air in which they 
are burning, as the breathing of a woman, or a man ; they 
produce half a cubic foot of carbonic acid in less than an 
hour. An ordinary gas-burner consuming 3 cubic feet of 
gas in the hour, will produce 2 cubic feet of carbonic acid 
from its flame in that time. In the case of a fire, the 
carbonic acid is almost entirely carried away up the 
chimney with the smoke. But, in the case of the candles 
and gas, it is left within the room, either to be removed 
by other expedients, or to produce injurious effects in its 
atmosphere. 

When coal, charcoal, or coke is burned in a fire, another 
kind of compound gas, besides carbonic acid, is formed 
by the union of the charcoal and oxygen. This gas is 
distinguished by being light instead of heavy, and by 
being able itself to bum with the production of a blue- 
coloured flame, when it is further united with oxygen. 
It is named carbonic oxide, and only contains half as much 
oxygen in each of its molecules as carbonic acid has. 
The blue flame, which is often seen flickering about the 
red embers of a coal Are, is due, first, to the production, 
and then to the burning of this gas. It is converted 
into true carbonic acid gas when it is burned, being, in 
that Y^y, united with an additional quantity of oxygen. 

Carbonic oxide is generated in the burning of candles, 
lamps, and ordinary house-gas, as well a& m ^«s^. ^^^^^ 
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blue flame may commonly be observed mingled with the 
yellow and white flames of candles, lamps, and gas. This 
carbonic oxide gas is a very much more injurious and 
deadly poison than the heayy carbonic acid.* It pro- 
duces, flrst, insensibility, and then suflbcation, when even 
minute quantities are intermingled with the air which is 
breathed. In the various instances in which people have 
been suffocated whilst sleeping in small, close, badly ven- 
tilated rooms where charcoal or coke flres are burning, 
the result has been generally due to the gradual mingling 
of carbonic oxide with the air. This gas is especially 
dangerous on account of the subtle and insidious way in 
which it produces insensibility before it chokes. It first 
deepens the sleep, and then kills whilst the sleeper is quite 
unconscious. 

The air needs to be continually changed in rooms in 
which people dwell, both on account of the accumulation 
in it of carbonic acid, carbonic oxide, and other noxious 
vapours and exhalations produced by the process of 
breathing and by artificial combustion, and of the re- 
moval at the same time of an important part of its vital- 
izing oxygen. Such changing of the air in houses and 
rooms, in order that it may be preserved as fresh and 
pure within as it is without, is the process which is fami- 
liarly termed ventilation. The word is derived from 
the Latin ventilo, which signifies tO blcw. The air 
which is in this way changed is blown along through 
the room very much as the wind blows in the open outside 
spaces of the atmosphere. In other words, in the process 
of ventilation a gentle wind or current of air is artificially 
produced in the interior of houses, where the air would be 
still and stagnant if such influence were not brought into 
play. 

* Faraday believed it to be owe huadred times more deadly. 
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Part II. 

In the free open spaces of the country, the air is kept 
pure by the combined operation of the rain, the wind, and 
vegetable life. The rain washes all soluble vapours, such 
as carbonic acid and ammonia, out of the air, and carries 
thenl down to the ground. Living plants absorb into 
their leaves and roots the same soluble vapours, and work 
them up into vegetable structures, such as wood, starch, 
gum, and the various food-substances elsewhere enume- 
rated. When impure exhalations and vapours are gene- 
rated in any one spot in rapid abundance, as happens in 
the case of the decomposition or putrefaction of dead 
organic substances, they are caught by the wind, and 
drifted off by its moving currents until they are thinly 
spread through very large spaces, where they can be bene- 
ficially dealt with by the rain and vegetable life. In this 
way it happens, that although there are some of these 
vapours floating in the free open air of the country, they 
never amount there to more than three volumes of car- 
bonic acid in 10,000 volumes, and 3j^ volumes of ammonia 
in 10,000,000 volumes, of air. 

In the close rooms of cities and towns, where many 
people live crowded together, and where artificial fires 
and lights are in use, the carbonic acid is sometimes 
increased to as much as eight volumes of the gas in 
10,000 volumes of air. This would be a very injurious 
quantity if the air containing it were continuously 
breathed. In very crowded buildings, such as theatres, 
where bright gas is burned, and where inadequate means 
are employed to secure good ventilation, the quantity of 
carbonic acid sometimes increases to as much as 25 
volumes in 10,000 volumes of air, ox ^\^\» \»\tcl<6^ ^^ \fi»s2a. 
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as there is in a wholesome and natural state of the atmo- 
sphere. 

The first and, npon the whole, the most important 
influence by which the good ventilation of the inside of 
houses is brought about, is the action of the outside wind. 
On account of the fluidity and great mobility of the air, 
the movement of its outside currents, or the wind, is 
always more or less communicated to the interior spaces 
of dwellings. The wind presses in through some of the 
chinks and crevices of the windows and doors, even when 
they are closed as much as they can be, and so sets up a 
current. This current may be impeded and made insuffi- 
cient by the narrowness of such chinks. But the instant 
the windows and doors are thrown open, the wind begins 
to blow freely through the house, and then the ven- 
tilation of its inside spaces is abundant and complete. 
The opening of windows and doors is always the most 
satisfactory way of producing ventilation, when it can 
be done without making the inside of the house too 
cold. 

When fires are burning in the open fire-places that are 
continually in use in England in the season of greatest 
cold, the ventilation is secured without opening the doors 
and windows, because then a new and very energetic 
power is brought into play in aid of the influence of the 
wind. The column of air, contained within the chimney 
over the burning fire, becomes so expanded and light, from 
the heat to which it is exposed, that it yields before the 
pressure of the heavier and denser air which is pushing 
against the crevices of the windows and doors. It is 
driven, in consequence, as a rapid stream up the chinmeyi 
before the fresh and heavier air from the outside which 
comes in to occupy its place. When a fire is burning in 
a roomy the air contamed. m^Vn t\i<^ room may be looked 
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npon as being in the position of a kind of elastic cushion, 
pressed upon through all the openings into the room by 
the weight of the outside air. Some of that weight tells 
through the open chimney, and some through the chinks 
of the windows and doors. The cushion within the room, 
of course, yields before the greater rather than the smaller 
weight, and being itself formed of a fluid and movable 
substance, immediately begins to be squeezed out in a 
stream up the chimney. Thus it is not that the light 
air moves up the chimney to allow the heavy air to come 
into the room and take its place ; but it is, that the 
light air is driven up the chimney by the greater weight 
and superior force of the heavier air which is pressing in, 
and which, in virtue of its weight, is able to overcome a 
resistance less than its own pressure. 

From this cause, namely, the different density of the 
inside and outside air, a moving current is, to a certain 
extent, set up within the interior of a house, even when 
no fire is burning, if only the inside of the house be 
warmer than the outside, as is almost sure to be the case. 
This influence, indeed, is so marvellously strong that it 
operates not only through the chinks of the doors and 
windows, but also through the unseen pores of the walls 
themselves. It has been found that as much as eight 
cubic feet of air per hour pass through each square yard 
of an ordinary brick wall, when the air within the house 
or room is four degrees warmer than that outside. When, 
the difference between the temperatures of the inside and 
outside is larger, the passage of air through the walls is 
even greater than this. In one experiment, which was 
very carefully made, it was found that more than one 
thousand cubic feet of air per hour were driven through 
the walls of a room of ordinary size, when the temperature 
of the air was 32^ outside and 66^ within^ iWXi S&^^V^o^ 
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there was as mucli as 34** difference between tlie inside 
and outside air-temperature. 

A full-grown healthy man passes as much fresh air 
through his lungs, in the process of breathing, in the course 
of twenty-four hours, as would be contained in a room 
7 feet square all ways. If it were possible for anyone to 
live in such a room without changing the air contained 
in it, there would be 6 per cent., by volume, of carbonic 
acid everywhere at the end of that time. But human 
beings cannot continue to live with comfort and safety 
where there is as much as 1 per cent, of carbonic 
acid, with equivalent diminution of the proper quantity 
of oxygen ; therefore, if there were no change of air, or 
ventilation, a single person could not remain continuously 
for even as much as a fifth part of twenty-four hours, or 
^ye hours, in such a room. 

In order to secure an altogether wholesome and fresh 
condition of the air inside a house, it is found that every 
individual living within it should, in the first instance, 
have as much as 800 cubic feet of air-space for himself or 
herself, that is, as much as is furnished by a room 10 feet 
broad and long, and 8 feet high. In such a room, as a 
matter of fact, the entire air-contents require to be changed 
as frequently as three or four times in an hour, to pre- 
serve the air at anything like its natural purity. At 
least 2000 cubic feet of fresh air every hour should be 
supplied for every pair of lungs breathing within the 
room. 

But, in cold and temperate climates, it is essential 
that the fresh air thus introduced into a room should 
not be moving at a higher rate of speed than 100 
feet per minute. Any air-movement faster than this 
would produce the feeling of a cold draught, which would 
Dot only be uncomiottoA^lQ to most persons within the 
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room, but dangerous to some, on account of the difficulty 
of preserving the proper warmth of the skin where such 
a cause for the rapid removal of heat was in operation. 
An opening 1 foot square would receive in an hour 
6000 cubic feet of air streaming into it at the rate of 100 
feet per minute. An opening one-third such a size, that 
is, 12 inches long and 4 inches wide, or, if square, of 
7 inches each way, would, therefore, receive the 2000 
feet requisite for one person, and be sufi&cient to allow 
the proper ventilation of the room, if no air whatever 
passed by any other means than through the opening. 
Since, however, in actual fftct a large quantity does pass 
in by other means, as through the chinks and crevices of 
the floor, doors, and windows, and even through the pores 
of the walls, a considerably less opening, such as a space 
12 inches long by 1 or 2 inches broad, would, in most 
circumstances, be enough for all practical purposes. 
There must, however, be quite as much open space for 
outlet in one direction as for inlet in the other, or no 
efi&cient current can be secured, and the opening must be 
smaller or larger accordingly as there is a very great or a 
comparatively small difference between the temperatures 
of the internal and external air, or accordingly as the 
wind itself, moving on the outside of the house, is strong 
or gentle. An ordinary window-sash drawn down some- 
thing less than 1 inch, it will be observed, is quite equal 
to an opening 12 inches long and 2 inches wide. 
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LESSON LI. 

WATEK-SUPPLY. 

DEBIVATIONS. 

Principles. — Constituents contained in. LaL principia, elements 
of a thing. 

Charged . — Loaded with : probably from the Lot. carnis, a four- 
wheeled wagon or car, made to transport burdens. 

Neutralizing. — Making of no effect. Lat, neuter, neither one 
nor the other. 

An unstinted supply of good water is of as much con- 
sequence to the maintenance of health as an abundant 
supply of fresh air. It, consequently, too becomes the 
object of artificial provision in cities and towns ; and 
water, which is collected from rivers and from the rain 
outside the town, is brought into the houses by pipes, so 
that it can be drawn from those pipes, or from cisterns 
connected with them, whenever and wherever it is required 
for use. 

One of the leading characteristics of water, which 
makes it so serviceable for the office it has to perform 
in its relations to living beings, namely, its power of dis- 
solving and carrying in its streams various substances 
that are of a soluble nature, acts in a less desirable way 
where purity of water-supply is concerned. Water is of 
necessity collected after it has fallen upon the ground, 
and, for the most part, after it has soaked and drained 
through portions of the soil and coursed along in the 
channels of the rivers, which are themselves scooped out 
in the soil. It is consequently nearly always charged 
with various soluble matters that it has taken up during 
tiifl progress. 



WATER-SUPPLY. 299 

Some part of the soluble matters which water takes 
np from the soil, are simply of a mineral character, and • 
of that part lime is one of the most abundant ingredients. 
Water, when highly charged with lime, becomes what is 
termed hard, that particular state in which it is less 
serviceable for the purposes of cleansing and cooking, 
because it turns soap into an insoluble curd that cannot 
combine with oily and greasy substances in the process of 
washing, and is itself less capable of dissolving such 
other things as the most valuable principles of tea and 
meat. 

Pure water will only take up a very small quantity of 
lime ; so small a quantity, indeed, that the amount dis- 
solved has not the power to render the water actually 
hard. As soon, however, as the water is charged with 
carbonic acid, a very much larger quantity of lime is 
dissolved, and river-water nearly always has in it enough 
carbonic acid, derived from the air and the soil, to pro- 
duce this effect. In ordinary river-water, every gallon of 
the liquid contains six or seven cubic inches of carbonic 
acid ; and water, charged with carbonic acid to that ex- 
tent, can contain as much as fourteen grains of lime, or 
chalk, in every gallon, although rain-water, devoid of 
carbonic acid, would not hold as much as two grains of 
the same mineral substance. Some well-waters contain 
even as much as eighty grains of lime in each gallon, and 
on that account are entirely unfit for domestic use. 

The circumstance, however, that it is the carbonic acid 
which enables the water to dissolve the large quantity of 
the lime, happily furnishes a very simple and ready means 
for the removal of the evil. When water is boiled, the 
carbonic acid is driven off by the effect of the heat, and 
when it is so driven off, the lime cannot be any longer 
held in solution, but is thrown down, out oi ^i^l<^ ^^^^ ^se^ 
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a solid, and no longer soluble, substance. The thick for, 
which so commonly collects on the inside of kettles, is 
entirely due to this cause. It is the lime which was at 
first held suspended in the vessel by the carbonic acid, 
but which was no longer able to be so sustained when 
the carbonic acid was driven away by boiling. 

When hard water has unavoidably to be used for cook- 
ing, or washing, it should hence be first boiled to get 
rid of its harshness, and be afterwards poured away from 
its fixed deposits. It will then be found to be sufficiently 
soft for all practical purposes. 

Water takes up from the earth various soluble organic 
impurities, as well as mineral principles; and, as these 
are all derived from decaying and putrefying matters 
that have been recently deprived of life, they are at all 
times objectionable in water which is used for drink, and, 
in some circumstances, may be dangerous and injurious 
in a very serious degree. Some diseases, such as cholera 
and typhoid fever, are unquestionably communicated by 
the presence of such substances in water that is taken as 
drink. 

A considerable amount of trouble and pains is incurred 
to avoid impurities of this class in water that is supplied 
for the use of large towns. The water is brought &om 
the purest sources from which it can be obtained, and it is 
filtered through basins and reservoirs to get rid of the 
grosser particles that can be thrown down by settling, or 
strained away. The best of the waters that are supplied 
for the use of the great town of London, on this account 
do not contain more than two grains of inorganic sub- 
stance in each gallon, and in that state are quite satis- 
factory, so far as purity is concerned, for all purposes. 

In order, however, that any such degree of purity may 
be maintained in town^) it is indispensable that the 
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cisterns, into which the water is received before it is 
distributed in the house for domestic use, shall be looked 
carefully after, and be thoroughly cleaned out from time 
to time. If this is not done, the pure water that comes 
from the mains of the original supply, will be sure to get 
contaminated by the filth which collects in the cistern, 
and will be rendered by that means unfit for use. 

When water is boiled, the organic impurities which it 
may contain are either driven off or destroyed by the heat. 
Wherever there is any reason to doubt the purity of the 
water, it should, therefore, for this reason also, be boiled 
before it is employed either as drink, or in the preparation 
of food. 

It is also a very advisable step, in the management of 
this matter, to have all the water, that is not subjected to 
boiling and that is yet used as drink, passed through a 
filter immediately before it is employed. As a general rule, 
soluble matters, that is, such substances as are actually 
dissolved in water, are not removed from it by filtering. 
In their dissolved state they pass quite readily through 
the pores of the filter with the water. But the filters 
which are now made for domestic use, are constructed 
of charcoal packed closely within the chamber through 
which the water has to find its way ; and it fortunately 
happens that charcoal has the property of absorbing 
organic impurities, and of neutralizing their hurtful 
powers. If a dead mouse be placed in a wide-mouthed 
glass jar, and be covered up, or buried in it, in broken 
charcoal, the jar may be left standing open-mouthed in 
a room that is ordinarily inhabited without the slightest 
smell being ever perceived. 

In using the filters which are furnished by the manu- 
facturers for domestic use, the water that is passed 
through should first be allowed to clear itself frouL ^J^ 
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coarser impurities by settling. It is important that aET 
little of cleansing work as possible sbonld be left for the 
charcoal to do ; because, the more actual work of that 
kind it has to perform, the sooner its pores become 
choked up by the accumulating impurities which it re- 
moves, and the sooner it is in that way deprived of its 
active powers of purification. 

Of the charcoal-filters which are in general use, there 
are two different forms that are both good in their way. 
In one, the charcoal is packed into a closed interior 
chamber, where it cannot be seen, and the water is 
admitted into this inner chamber through a piece of fine 
sponge pressed firmly into a round hole, or opening. In 
this form of filter, the sponge is designed to catch and 
keep the first and coarser portion of the impurities, and, 
in that way, to lessen the choking of the pores of the 
charcoal. In order, however, that this object may be 
properly secured, the sponge requires to be itself kept 
very clean. It needs to be taken out every few days and 
well washed ; and to be then carefully replaced in its 
proper position. 

In the other kind of charcoal-filter, the charcoal stands 
up where it can be seen, in the midst of the water, as a 
solid black cake, and the water finds its way through the 
charcoal-block to a glass tube at the bottom. The tube 
then carries the water down into the closed chamber from 
which it is drawn for use. In this filter, the choking of 
the charcoal-pores occurs principally on the outer surface 
of the block. The block can consequently be kept for a 
long time in a good acting state, if it be occasionally taken 
out from its place and well brushed, with a brush that is 
not too hard, as it is held under the stream of a flowing 
tap. It is also a good point in connection with this filter 
that the charcoal-blods: i\fife\i can be changed from time to 
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time, an old worn-out block being readily replaced by a 
new one. The glass tube at the bottom of the block is 
fixed in the charcoal, and the block is adjusted into its 
place, by firmly pressing the lower end of this glass tube 
into the open socket that is prepared in the earthenware 
part of the filter, to receive it. 
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LESSON Ln. 

HOUSE SEWERS AND DRAINS. 

DEBIYATIONS. 

Sewer. — An undergiound channel for the conveyance of filth. Fr, 
suivre, to follow. 

Drain. — ^Another word for the same thing. From an old Anglo- 
Saxon term, that signified to filter off. 

Regurgitatioii.— A pouring back. Fr, regorger, to over- 
flow. Lat. giurges, a whirling gnlf. 

Percolate. — To pass through small pores, to filter. Lat, percolOy 
to strain. 

Part I. 

All waste and refuse substance, that retQains as the 
residue of the operations of life, needs to be carried away 
from towns where people are very much crowded to- 
gether. In the broad open spaces of the country, in 
which comparatively few people dwell in one spot, all 
such matters are very much left to be dealt with by the 
ordinary processes of nature and by spontaneous decay. 
The superabundance of fresh air and of vegetable life 
there sufOlce to remove the noxious products of such decay 
as rapidly as they are formed. But in crowded towns this 
is not the case ; and if artificial means were not provided 
for the prompt removal of decaying substances, the hurt- 
ful vapours and effluvia arising from their decomposition 
would very soon gather to such an extent as to cause 
disease in the people who had to breathe the air in which 
they were suspended. Even when such artificial means 
for their removal are provided, but not to a sufficient 
extent, it is found that these injurious results do follow, 
and that diseases oi vaiiovx^ kluds appear. 
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The waste substance in towns is carried away by the 
contrivance which is known as drainage. Brick or 
earthenware channels are made sloping down, under the 
ground, away from the houses. Pipes from each house 
lead into these underground channels, or sewers, and the 
channels themselves run on until they can be made to 
open out into the stream of some river. Water is em- 
ployed to wash the waste substance from each house down 
through the pipes and drains, until it reaches the natural 
outMl of the rivers, and is by them hurried along towards 
the still wider basins of the sea, in which all products of 
decomposition are in the end harmlessly swallowed up by 
the inunense mass of water with which they are made to 
mingle. The water-supply of towns has on this account 
to be rendered abundant enough to efficiently perform the 
cleansing woi^k of washing waste substance through the 
drains, as well as to fulfil other requirements, such as 
those of drink and cooking. 

It necessarily happens, however, that the mixed liquid 
and solid substances, which are washed along in the under- 
groimd sewers, are at all times giving off the noxious 
vapours and effluvia of putrefaction and decay even as 
they are being hurried along. The sewers themselves 
are consequently filled partly by the running stream of 
liquid, and partly by the poisonous vapours which steam 
up from it. 

If no contrivance were employed to prevent the return 
of these noxious vapours, it is manifest that the pipes 
which go down to the sewers out of the house would at 
all times be charged with them, and would serve as ready 
passages for their conveyance back. The light vapours 
would flow up the open pipes to the house as readily 
as the heavy liquids flow down through them to the 
drains. 
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The plan, which is almost universally adopted to pre- 
vent this streaming back, or regurgitation into the honse 
of the noxious effluvia of the drains, is the ready ex- 
pedient of dipping the end of the descending waste-pipes 
into a small basin or reservoir of standing water, sunk 
to a lower level than the entrance of the sewers so that 
the water can only run away into them from its upper 
surface. The water then acts as a sort of plug, barring 
the free return of light vapours into the pipe, although it 
does not prevent the ready outflow of heavy liquid from 
the pipe into the drain. This arrangement is technically 
termed a trap. When the outlet of the waste wateis 
pipes, soil-pipes, and drain-pipes of a house is furnished 
with this contrivance they are said to be trapped. 

But the water-traps, formed where the waste house- 
pipes enter the underground drains, do not efficiently 
perform the office of protection for which they are in- 
tended, unless there is no backward pressure of any kind 
acting upon the foul air in the channels of the drains. 
If, for instance, a strong wind be blowing up the system 
of drains in the opposite direction to that in which 
the water is flowing down, the foul gases may be driven 
back so strongly by the blast that they are forced through 
the water of the trap, and madet to bubble up into the 
pipes of the house, so as ultimately to mingle with the air 
which is breathed by the inmates. Or, yet again, if it so 
happen that the free outflow of the drain itself is im- 
peded and choked, then, when water is poured down any 
pipe into the choked drain, an equal quantity of the foul 
air must be forced back from the drain, up through the 
water-trap and into the house. It is impossible for the 
choked drain to receive the additional quantity of de- 
scending water unless room is made for it by the driving 
out ot an equal volumQ oi tlie^ ligjliter vapour, or gas, from 
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the drain. Very serious, and even deadly disease has 
been produced in towns and in some crowded districts of 
London from this yery cause. 

The effectual protection against the possibility of this 
form of mischief is what is called the ventilation of 
the drain, that is, the furnishing in the drain itself 
some secondary opening for the outflow of vapours, which 
allows them to escape by it more readily than they can 
by the water-trap. When, with such an arrangement, 
backward pressure is applied to the vapour, it rushes away 
through the easiest or least resisting channel that is open 
to it. 

The ventilation of drains is best managed by carrying 
a pipe of sufi&cient size from the drain up into the air to 
a height above that of the neighbouring housetops. Any 
escape of the noxious effluvia of the drain then takes 
place into the free, open region of the air, where it is 
caught and carried away by the wind and destroyed by 
the oxygen, before it can be breathed by living beings. 

The drains of each separate house may be efiSciently 
ventilated by placing an escape-pipe of this character 
along the side wall of the house in such a way that it 
stands up, with an open mouth, above the roof. But the 
discharge-pipes of the house must then have water-traps, 
both where they leave the rooms of the house and where 
they enter the sewers or drains, and the ventilation-pipe 
must be inserted into some suitable part of the system of 
outflow-pipes between the two traps. In the case of any 
return of foul gas from the sewer, it then bubbles up 
through the outer trap, and afterwards streams out of the 
high, open mouth of the ventilating tube, instead of 
being forced through the inner water-traps also, and into 
the house. 
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Part II. 

One of the most important of the drain-pipes of a house, 
and also the one that commonly falls most under the 
management of servants, is the sink-drain, which carries 
off the waste water from the sink of the hack kitchen, or 
scullery, into the sewer. 

The sink-drain almost always has a brass plate, or 
cap, perforated with small holes, placed over the open- 
ing from the sink into the waste-pipe; and under this 
plate there is a water-trap formed by the dipping of the 
lower edge of a kind of bell of brass into a cup of water. 
When this trap is in operation, the waste water has to find 
its way through the holes of the plate, down the outside 
of the inverted bell and under its edge, into the cup 
which leads directly to the outflow. The water, standing 
in the cup higher than the lower rim of the inverted bell, 
then acts as the trap for preventing the return of dis- 
agreeable effluvia from the sewer into the scullery. 

The brass plate with the holes is furnished to prevent 
large masses of refuse, such as the parings of potatoes, 
from being washed down into the drain-pipe. All such 
bulky substances require to be removed from the sink by 
the hand, or to be got rid of in some other way. If the 
attempt be made to force such matters down through the 
sink-pipe, the result must be that its channel will very 
soon get choked, and unable to carry even the liquid 
waste for which it is purposely designed, imtil the drain 
below has been opened, cleared, and its free passage 
restored. 

It rarely happens, however^ in ordinary households, 
that the perforated cap is not habitually removed from 
its proper place, and that all kinds of coarse substances 
are not forced into t\io diain-pipes. The natural result 
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then follows that the siiik-draiii gets choked and out of 
order. 

The outflow of the sink-drain is very generally made 
smaller than it ought to be. But, in consequence of this, 
more, and not less, care is needed to keep it from choking 
up. The perforated cap should never he removed at ally 
unless for the purpose of cleaning and examining the 
water-trap. If at any time the sink-drain begin to act 
with diminished efficiency, it is the drain beneath, and 
not the cap above, that is at fault, and nothing whatever 
can be gained by the removal of the cap. 

The choking of an insuf&ciently roomy sink-drain is 
often produced by the accumulation in the outflow of 
the pipe of greasy matters derived from the refuse of 
food-substances. This cause of choking of the drain may 
be for the most part avoided by the simple expedient of 
pouring down into the drain about once a week a pailful 
of very hot water, in which a good quantity of common 
washing soda has been dissolved. The soda and the hot 
water then liquefy and carry off the oily fragments and 
settlings that are prone to cause obstruction. 

The drainage of houses is planned and provided by the 
builders. But it is conmionly carried out in such an im- 
perfect and unsatisfactory way that nothing is more fre- 
quently productive of derangement and annoyance in a 
household than defective action of the drains. On this 
account, everyone who has to do with the management of 
a household should have a very clear conception of the 
cause of such mischief when it occurs, and of the best 
method of setting about its permanent removal. In the 
case of house-drains, knowledge of this class is also of 
great practical importance for another reason. Defective 
action in the drains is a circumstance that may lead to 
most serious disease amongst the inmates of a kowa^* ^-^o^^ 
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in the ground ; and that the gaseous products, which in 
that state arise from their decay, are absorbed into the 
earthy and carbonaceous part of the mould, and held 
imprisoned there until they are taken back by the rootlets 
of living plants and elaborated into vegetable structura 
When cesspools are formed for the temporary reception 
of refuse substance from houses, they have to be cleared 
out from time to time, and the residual and still unde- 
composed portion of their contents is then spread upon 
the groimd, where it can in this natural way be converted 
into, or mingled with, the mould, and so be turned to its 
proper account by the agency of vegetable life. 

Precisely the same care that is taken in reference to 
the contents of the cesspool must be observed in regard 
to any heaps of dry refuse or manure that are deposited 
upon the ground. Bain falling upon such heaps soon 
gets impregnated with organic impurities as it percolates 
through them, and then it necessarily carries those im- 
purities with it. If, consequently, it find its way into 
the water of a well, before there has been time for it to 
give up such noxious vapours to the earthy part of the 
soil, it necessarily interferes with the purity and whole- 
someness of the water. It is for this reason that it 
becomes a golden rule for the management of houses in 
the country that the immediate vicinity of such houses 
shall be kept free from all such accumulations. 
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LESSON Lin. 

BEDS, BEDDING, AND FURNITURE. 

DERIVATIONS, 

Lath.. — A thin slip of wood. Fr. latte. 

Proof.— Strong to resist; the strength being ascertained by proving. 

From an old Anglo-Saxon word. 
Counterpane. — A corruption of the French word contrepointe, 

which means a coverlet stitched or woven in a pattern. 
Heprehensible. — Worthy of blame. Lat, reprShensus, blamed. 
Drapery. — Hangings, curtains of woven fabric. Fr, drap, cloth. 

Until recent years the bedsteads, or frames which are 
used for the support of beds, were invariably made of 
wood, and had sacking-bottoms kept tight by a lacing of 
rope. The sacking-support of a bed is pleasant to lie 
upon, but it has the great disadvantage and drawback that 
it affords ready lurking-places for insects and dirt. When- 
ever it is employed, it requires constant watching and 
cleanliness, and to have its corners and edges frequently 
brushed and wiped. 

Bedsteads are now much more generally made of iron, 
with cross laths of wood, or broad strips of iron, instead 
of sacking, for the support of the bed. Such bedsteads 
are of comparatively reasonable cost, are easily kept clean, 
and have, therefore, a well-deserved reputation. They 
are not, however, by any means proof against harbouring 
insect-pests, as is sometimes supposed. Their advantage 
over wood in that particular is that they are more easily 
taken to pieces for examination and cleansing. 

Brass, which is also now much used for the construction 
of bedsteads, possesses all the good qualitieB oi \!LQk\\.^^^o2^ 



314 THE HEALTH, THE HOUSE, AND MONEY. 

the additional recommendation that it does not require 
painting, as iron does, to preserve it from rusting. The 
natural surface of smooth brass is pleasant to the eye, 
enduring against corrosion, and little prone to cause stain 
in woyen fabrics that are placed in close contact with it. 
Brass bedsteads are also, generally, stronger and more 
solid than iron ones, and, therefore, better bear pulling 
about. 

The best kind of bed that can be placed upon a bed- 
stead, is the liair-niattressi now generally in use. It is 
more elastic, and keeps longer in good condition than any 
other kind of bed, but it is somewhat costly in the first 
instance, especially when made of horse-hair, the best 
kind of hair for the purpose. The cheaper forms of 
mattress have a great deal of cows'-hair in their composi- 
tion, which does not wear so well. Wool-mattresses are 
of lower price, and are at first even softer and warmer 
than hair, but they soon lose their springiness, more 
easily contract dirt, and get more quickly out of condi- 
tion, so as to require to be re-made. Flock-mattresses, 
which are cheaper again than those of wool, are formed of 
little " flocks," or small bundles of refuse cotton. They 
are harder and less elastic, or springy than mattresses of 
either wool or hair, and very soon get into irregular 
lumps when lain upon. Their only recommendation is 
their cheapness. Tet another kind of cheap mattress, 
which is called a palliasse, is s);uffed with straw, and is 
commonly used under a hair-mattress to protect it from 
the iron laths of the bedstead. Some defence of this kind 
is indispensable ; indeed, the bottom of an iron bedstead 
should always be provided with a cover of some sort, as 
otherwise it is apt to stain and injure the ticking of the 
mattress that lies upon it. 

Whatever may be tli^ ledud of mattress that is naed for 
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the bed, the same handling and management are required 
to keep it in a good and wholesome state. It should be 
well aired and turned OTery day ; aired, so that the heat 
and moisture, communicated to it by the last night's use, 
may be got rid of, and turned, so that the side which was 
then next to the bedstead may be brought uppermost. 
The airing should be managed in the actual sunshine 
whenever this is possible. Without frequent airing and 
sunning, mattresses are almost sure to acquire an un- 
pleasant smell from the exhalations they imbibe from the 
body whilst in use. Nothing removes this so speedily and 
certainly as sunshine. When this cannot be secured, the 
next best substitute is a bright fire, combined with expo- 
sure to fresh air. Besides the daily airing and turning of 
mattresses, it is an excellent plan to have them well 
brushed once a week, with a brush kept for the purpose, 
along the edges or binding, and in the creases and folds. 
This is one of the most efficient protections against the 
lodgment of insects. 

Bolsters and pillows are almost exclusively made of fea- 
thers, and all articles that are composed of feathers require 
even more care for their good keeping and preservation 
than such as are formed of wool or hair. They must be 
simned and aired exactly in the same way as mattresses, 
but, in addition to this, they require to be well kneaded 
and shaken. When feather-beds are used, this remark 
applies with even greater force to them. They need to 
be shaken and worked about thoroughly, as well as aired 
whenever the bed is made. 

Blankets should always be of the best quality that 
can be afforded, because such last longer, and are much 
warmer than those of an inferior kind. The better they 
are, of course, the more carefully they should be used to 
avoid unnecessary soiling. A good blanket m&^ \^ ^<s^ 
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in use without washing for a considerable time if it be 
sunned and aired in the same way as the mattresses and 
pillows, and occasionally shaken in the outer air as welL 
When blankets are not in constant use during the summer, 
they must be opened and examined from time to time 
to make sure they are not attacked by moths. The 
quilt or counterpane, which is employed outside a bed as 
a covering to the blankets and sheets, should be as light 
as is consistent with warmth, and of some substance that 
will readily wash, because one of the ofi&ces of the quilt 
is to look neat and smooth to the eye, at the same time 
that it preserves the blankets beneath from being soiled. 

The bed-linen employed within the blankets must, of 
course, be changed and renewed at frequent intervals. 
The better this is attended to the more easy it becomes to 
air and purify the rest of the bedding, because the linen 
of necessity £a:st gets the soil from the body, and only 
passes it on to the blankets and mattress in the form of 
vapour and moisture. 

The principal parts of the hard furniture of a house, such 
as chairs, tables, couches, sideboards, presses, drawers and 
wash-stands, are made of wood. The great thing to be 
desired in regard to all these is that they should be strong 
and good, ratiber than merely good-looking. There is no 
worse economy than the purchase of articles of this class 
which will not bear the strain of use, and unfortunately 
this is a thing which can easily be done, because furniture 
of bad quality can be made to look good to inexperienced 
eyes by means of mere varnish and paint. The only 
available protection against being deceived in this way by 
false appearances is that which may be found in com- 
petent advice, caution, and experience. 

Such articles of furniture as carpets should be especially 
chosen with regard to eudaxing qualities, for carpets must 
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be exposed to great wear however well they are used and 
cared for. There is no actual economy in the purchase of 
a cheap carpet when one of a better quality can be obtained, 
and no more reprehensible instance of the foolish pre- 
ference of show to use, than when a carpet of inferior 
quality is bought because it is pretty and gay, although 
one less attractive to the eye, but of a stouter kind, could 
be had for the same money. 

In rooms where much soiling work has to be carried on, 
such as kitchens and store-rooms, it is best to avoid the 
use of carpets altogether. In such situations they can 
only serve to increase the difficulty of removing the dirt 
which is unavoidably caused. If a carpet is ever used in 
such circumstances, it should only be a movable piece, 
readily taken up when the work is going on, and laid down 
again when its stress is over and when quieter occupa- 
tions are pursued. 

Curtains add very much to the comfort, as well as to 
the adornment, of a room. In some cases they are quite 
necessary additions to a window, from the service they 
render either in softening strong light, or in screening the 
interior of the room from intrusive observation. Drapery 
of all kinds, that is not needed for actual use, or that is 
not in sufficiently good taste to serve as ornament, is 
however, more to be shunned than desired. Curtains, 
like carpets, are quite out of place wherever house-work 
of a dirty or soiling nature has to be performed. Neat 
muslin blinds that admit of easy removal for washing, and 
well-fitting roller-blinds of some dark-coloured material, 
suitable alike for softening the glare of sunshine and for 
forming a covering to the window in the evening, when 
the room is lit from! within, are in such circumstances 
very much to be preferred to more pretentious but less 
serviceable drapery. 
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LESSON LIV. 

KITCHEN UTENSILS AND EARTHENWARE. 

DEBIVATIONS. 

Utensil.'-An implement or vessel used in domestic service. Fr, 
ustensile, a tool for use. 

Oorrosion. — A gnawing, or eating away^. Lot, COrrodo, to gnaw 
to piec€s. 

Molecular. — Belonging to molecules. LaU moles, a mass. 

Deteriorate. — To make worse. Fr, deteriorer, to damage, or 
injure. 

Retort. — A glass vessel with a long bent neck, used in chemical pro- 
cesses. Lat, rStortus, turned back. 

The kitchen appliances are an important part of the 
furniture of a house, because they are all, more or less, 
directly connected with the preparation of food. The 
cooking of necessity suffers from inadequate provision in 
this department. 

Cooking utensils are, almost without exception, 
made of metal, because they have to bear exposure to 
great heat. The two kinds of metal principally in use for 
their construction are copper and iron. Copper is pre- 
ferred for kettles, saucepans, stew-pans and frying-pans 
in all cases where its greater cost is not of importance, 
and where adequate care can be given to keep it in a fit 
condition for use. It is more durable and more easily 
polished bright than iron. 

Both copper and iron cooking utensils are tinned on 
the inside to preserve them from corrosion. It fortu- 
nately happens that tin is not easily acted upon by water 
and air at moderate heats, and that it is easily kept 
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bright and clean. It is also readily attached to surfaces 
of both copper and iron, by an intimate kind of adhesion 
which amounts to the actual molecular joining together 
of the two metals where they touch. All that is neces- 
Bary to produce this union is the placing of the melted 
tin in direct contact with the copper or iron made 
very clean and hot. This is readily done, because tin 
melts at a temperature which is only a trifle more than 
as hot again as boiling water. Tinned yessels, however, 
gradually deteriorate from the wearing away of the tin 
lining, and on that account they need to be tinned over 
again from time to time. If this be not carefully attended 
to, a poisonous compound, called verdegris, is apt to be 
formed in the case of copper, from the corrosion of that 
metal under the combined influence of air, moisture, and 
heat ; and if any trace of this poisonous compound be left 
in the vessel when it is used in the preparation of food, 
it may be productive of great injury to the health of a 
household. The similar compound that is formed from 
the corrosion of uncoated portions of iron, is not poison- 
ous in the same way. But it is also soluble in hot 
liquids, and communicates to them a metallic, ink-like 
taste, and, in many instances, an undesirable, dark colour. 
The interior tinned surfaces of cooking utensils are 
liable to be spoiled by the running of the tin into 
irregular patches and ridges, if the vessels are exposed 
to great heat when not containing water, or some other 
kind of liquid. When this has occurred, it is impossible 
for the irregularly ridged and wrinkled surface to be kept 
properly bright and clean. 

The cheaper kinds of saucepans and kettles, which are 
spoken of as made of tin and which have the colour 
and gloss of tin inside and out, are in reality constructed 
of thin plate-iron, which is tinned on both siu:£«.<^^'&« 
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They are very cleanly and serviceable, but are easily 
injured by careless exposure to dry heat. They take 
the heat more quickly and also part with it more speedily 
than utensils of thicker metaL 

The best iron saucepans are such as are lined with a 
kind of enamel, because this is even a more perfect and 
enduring protection against the corrosion of the iron 
by the moisture of the food, than tin. These enamelled 
linings are so beautifully hard and smooth that their 
surfaces can be washed as easily and perfectly as a plate 
of glazed earthenware. The enamelled saucepan, however, 
requires more judicious and tender handling than tinned 
vessels, because the enamel is apt to be cracked by a 
careless exposure to great heat, and, when it is cracked, it 
cannot be renewed as inside tinning can. 

With all kinds of cooking utensils, it is essential to 
proper management that they should be cleaned as soon 
as they have been used. The soil which they acquire 
from the combined influence of the oily and other sticky 
constituents of the food, and of heat, is very much more 
easily removed if it be attacked at once than if it be left 
to dry and harden upon the metal before the cleaning is 
carried into effect. 

Some of the utensils used for cooking, such as paste- 
and meat-boards, rolling pins, and spoons employed for 
some purposes, are made of wood. With these, prompt 
and unintermitting cleanliness is even more important 
than it is with utensils of metal, because grease and soil 
can soak into the actual substance of wood, and, when 
they do so, may go so far that they cannot easily be got 
back again. Implements of wood should always be washed 
with soap, or soda and water, directly after they have 
been in use, and, if this is properly done, they are easily 
kept in good order. 
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The most perfect, in point of cleanliness, of the utensils 
provided for domestic use unquestionably are those which 
are made of earthenware and glass. In both, the surface 
is formed of a hard glazed substance, which is quite 
impervious to water or grease, and which, therefore, can 
be washed thoroughly clean with the utmost ease. Both 
are, however, unfortunately brittle, and can be broken 
by rough and careless handling; and neither can bear 
great heat, or even sudden change from heat to cold, such 
as is produced by pouring cold water into a vessel 
directly after it has been filled with hot, without risk of 
fracture. Earthenware, however, is a perfect material 
for all those cooking processes which are performed 
before the fire is brought into play ; such as the mixing 
of sauces, puddings, cakes, and other food-preparations. 
If wood were used for these processes instead of earthen- 
ware, it would be almost impossible to prevent the flavour 
which hung about the wood, after it had been employed 
for one mixture, from finding its way into the next. 
The impenetrable glaze of earthenware is also unassail- 
able by any of the acids which are used in preparing food, 
and which are especially prone to corrode metals. 

Earthenware, in some of its forms, is made capable of 
withstanding a considerable amount of heat. This is 
illustrated in the case of pie- and tart-dishes, which have 
to remain in hot ovens during the baking of their con- 
tents. The glaze of these dishes in the end gets dis- 
coloured by the heat, but it even then continues to per- 
form its work of keeping the ware itself impervious 
to liquids, so long as its own substance is not actually 
cracked. 

The finer kinds of earthenware, of which are made the 
plates, dishes, cups, and saucers that are employed in the 
serving of food and drink after the^ \i«i'^Q'\y^Ti ^t«^»5«^ 
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and glass which is so tiniyersallj seen upon the dinner 
table, are amongst the most beautiful and serviceable of 
the substances employed for the construction of household 
utensils. In both of them, the object of cleanliness is as 
perfectly obtained as it is possible for the most fastidious 
and exacting taste to desire. Everybody is aware how 
very easily all articles of china and glass are washed 
after they have been used, and what an irresistible charm 
well-kept china and glass have when they are set out for 
a meal upon the table. The brittleness is the chief de- 
fect with either ware, and this is unhappily increased in 
proportion to the delicacy and excellence of the articles : 
with the notable exception that thin glass bears the 
sudden application of heat, such as is caused by the 
pouring in of a stream of hot water, better than the 
thicker kinds do. The thick kinds crack when hot water 
is suddenly poured into them, because the thick substance 
expands unequally as the heat slowly finds its way in, 
and the parts which are most expanded by the heat are 
then apt to be actually torn asunder from those that are 
so acted upon in a less degree. In thin glass, the heat 
gets through the entire thickness at once, and then all 
expands equally, without disrupture of the particles. On 
this account utensils of glass which are intended fcnr 
heating, such as the retorts used by chemists, are always 
made very thin. 

In the washing up of china and glass, deliberation and 
care are necessary; and the habit should be acquired 
of handling in this way articles that are at once so 
slippery and brittle. Such a habit must of necessity be 
formed by the exercise of thought and method, but 
is easily acquired when it is set earnestly and resolutely 
about. 
£llives are, on tine ^\io\<b,\]b& most difficult to keep 
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in good order of ftll the hardware utensils of the house. 
They require to be very carefully cleaned whenever they 
have been used ; and, in order to keep the easily corrod- 
able surface of the steel polished and bright, they have to 
be rubbed with firmness and strength against a knife- 
board, furnished with a dressing of emery. If, however, the 
strength be not applied in the right way, very much of it 
is expended in turning and blunting the edges, and in 
bending and twisting the half-worn, thin ends of the 
blades, instead of in polishing their surfaces. The prac- 
tical result of such clumsy handling is, not only that the 
knives are unduly worn away and destroyed, but, over and 
above this, that they are never fit at any time for conve- 
nient or comfortable use. It requires a very skilfcQ hand 
indeed to cut a slice of bread with a knife whose edge is 
bent at right angles to the general direction of the blade, 
or to separate a mouthful of meat from a piece upon the 
plate, when the end of the knife turns up into the form of 
a bow imder the slightest pressure. 

Yet, all that is necessary for the avoidance of this 
annoying form of mischief is that the knife should be 
held quite flat upon the cleaning board whilst it is moved 
backwards and forwards, and that it should not be turned 
up with a sudden flourish and sweep when it is taken 
from the board. The movement, by which the metallic 
surface of the blade is carried along the board, should be 
firm and smooth, rather than violent, and as little abrupt 
as possible. The good habit, by which such handling 
becomes unconsciously, and as a matter of course, prac- 
tised, is quite as easy to acquire as the vicious and un- 
economical one which is more generally adopted, if the 
object to be aimed at bo understood, and if attention be 
given to the attainment of the right method. As a 
general rule, however, both explanation. wi^\o^^Ka\%^^:Kt 
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As human beings do not need to sleep anything like 
twelve hours out of the twenty-four, it becomes, even in 
such situations, important that there should be some ex- 
pedient by which artificial light may be provided to sup- 
plement the natural allowance of sunlight. In temperate 
parts of the earth, this becomes even of more consequence, 
because there, although the entire year is still equally 
divided between daylight and darkness, the distribution 
is unequally made at different seasons, so that at one 
period the night would be yet more seriously and tediously 
long if its darkness were not artificially relieved. Thus, 
in England, at mid-winter, the night is sixteen hours, and 
the day not more than eight hours, long ; artificial light 
at that season, therefore, becomes almost as important as 
daylight for the various occupations of civilized life. 

Candles, lamps, and gas are the three contrivances by 
means of which artificial light is supplied. These all 
depend upon the burning of a combustible fuel in such a 
way that it gives off brilliant light, in addition to heat, 
as a product of the combustion. 

Candles were, in the first instance, made of animal fat, 
or tallow. Animal fat is a kind of firm oil, composed, it 
will be remembered, almost entirely of the two elements, 
carbon and hydrogen. The constituent molecule, in all 
kinds of fixed oils and fats, is a complex one, containing in 
itself several elementary atoms, of which by far the larger 
number are atoms of carbon and hydrogen, although in 
each molecule a few atoms of oxygen are mingled as it 
were incidentally with the carbon and hydrogen. 

In all oily or fatty matter there are, however, two 
distinct kinds of hydro-carbon molecules which can be 
separated from each other by appropriate processes. The 
one of these constitutes a firm and almost solid substance, 
when it is thus procuied w^^tt^QCLOAcount of the tendency 



OANDLES. 827 

of its molecules to cling strongly together. The other 
constitutes a thin liquid, on account of the absence of 
such tendency. The firm, almost solid, ingredient of 
tallow, or fat, is called stearine, a word derived from 
Stear, the Greek term for suet. The liquid ingredient 
is called oleine, which is derived from elaion, the Greek 
term for oil. In all oils, however, which are fluid at 
ordinary temperatures, such as olive and sperm oil, as a 
matter of fact both these ingredients are present. There 
is more or less stearine dissolved in the oleine ; as, in the 
Armor fats, the stearine is softened by the mingling in 
with it of a certain amount of oleine. The white sedi- 
ment, which appears in olive oil in cold weather, is stearine, 
separated from the oleine by cold. The very thin oil, 
employed by watchmakers because it is not readily made 
solid even by cold, is oleine which has had all the stea- 
rine taken away from it. 

But the solid stearine melts and becomes liquid at 
144^ of Fahrenheit. Being composed almost entirely of 
carbon and hydrogen, it readily bums when raised to a 
yet higher temperature, and it fortunately happens that 
it burns with the production of a brilliant flame, and that 
it is, therefore, well fitted for the making of candles. The 
qualities which render it especially valuable for this pur- 
pose, are, first, that it is solid and hardly ever greasy at a 
temperature of less than 144*^ ; next, that it melts at a heat 
higher than 144*^ ; and lastly, that it burns at still higher 
temperatures with an exceedingly brilliant flame. Various 
other substances, besides stearine, are also used for candles, 
such as parafiSn, spermaceti, and wax. They are all, 
however, bodies composed in the same way, of carbon and 
hydrogen, and which, in other particulars, so closely 
resemble stearine, that, whatever is tru^ in regard to it, 
is more or less true in reference to them. Ths^ %\ft»si^SkK^ 
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which is used in the mannfactnre of candles, is procured 
from tallow by first boiling it with quicklime, and then 
treating it with oil of vitriol to neutralize the lime. By 
this process all other ingredients of the tallow are got rid 
of, and the stearine is left Tirtuallj pure. 

When the wick of a stearine candle is set light to, the 
small quantity of the inflammable substance, which has 
been already soaked into the wick, is converted into a 
vapour by the heat of the flame, and catches Are. The 
flame then runs down the wick until it comes into com- 
munication with the solid stearine at the top of the candle. 
This it melts, until a small liquid pool is formed, which 
is retained in the middle, as in a little cup, in consequence 
of an outer edge, or rim, being kept cool and still hard by 
the rising up of the air all round to feed the flame above. 
The flame itself is stopped where it comes into' direct 
contact with the pool of liquid. 

The liquid stearine in the meantime is drawn up out of 
the pool into the wick, as water is drawn up into the pores 
of a sponge, and, when it reaches the flame, is first turned 
into vapour by its heat, and then set fire to. In this way it 
feeds the flame and maintains the burning of the candle. 

The flame of the candle consists of - an inner, cone- 
shaped space, which is filled with the as yet unbumed 
vapour distilled out of the wick by the heat, and of an 
outer shining film or coat. The flame is, in fact, a thin, 
hollow shell, formed where the inner vapour comes into 
contact with the outer air. Where the outer air and the 
heated vapour touch, the oxygen of the air combines with 
the carbon and hydrogen of the vaporized combustible, 
and intense heat is developed to appear as flame. The 
flame, which is thus produced by the union of the oxygen 
of the air with the combustible vapour, has the form of a 
cone, rising up to a ]^oviil ^^ tloA to]^^ because the heated, 
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and therefore light vapour ascends in its efforts to escape, 
and because the current of air, which sets in from below, 
blows and fashions it into that shape as it does so. 

But the film of the flame, where the oxygen and the 
combustible vapours are in the process of union, is shining 
and bright as well as hot. There is a cause for this, 
which is one of the most noteworthy and beautiful pecu- 
liarities of the process, and the real reason why such 
combustibles as stearine can be employed for artificial 
illumination. 

The surface of the heated vapour, where it comes into 
contact with the rising and surrounding current of air, is 
formed of two things, namely, light and very inflammable 
hydrogen gas and minute particles of carbon. The carbon, 
however, being a solid element which is incapable of con- 
version into the gaseous or vaporous state by mere heat, 
has, on the instant when it is first separated from the 
hydrogen, to float in that gas like a fine powder of solid 
particles scattered through it. The hydrogen gas, being 
much the most inflammable of the two, catches fire, and, 
as soon as it does so, the carbon-powder floating in it is 
made red hot by its burning. The carbon-powder then 
becomes an infinite number of shining sparks, crowded 
so closely together that they form a continuous film. 
The light which is given out from the flame, is in reality 
the shining of these sparks. The bright flame is thus a 
layer of exceedingly minute particles of carbon, just sepa- 
rated from their union with the hydrogen, and made so 
intensely hot by the burning of that gas that they begin 
to shine before they have the opportunity of mingling 
with the oxygen. The instant after they come in contact 
with the air, this mingling takes place. Then they are 
themselves converted into carbonic acid gas, and cease 
to shine ; but more shining particles come ixovoL ^hs^ ^- 
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composing yaponr to take their place, and to keep np the 
flame. The carbonic acid and watery vapoar, formed 
from the union of the oxygen with the carbon-sparks and 
the hydrogen gas, rise up from the top of the candle in 
an invisible stream, and scatter themselves through the 
air. 

It is an unvarying rule that it is solid bodies only, and 
not true vapours, or gases, which give out bright light as 
well as heat when they bum. Pure hydrogen gas bums 
with a flame that is so dull it can scarcely be seen. 
Carbon becomes a bright spark when it is hot enough to 
bum. Platinum- wire shines with a brilliant, white lustre 
when made exceedingly hot by the passage through it of a 
current of electricity from a galvanic battery, even with- 
out burning in the slightest degree itself. The lime-light, 
which is one of the most brilliant artificial lights known, 
is the shining spark caused in lime when it is made very 
hot by a burning combustible gas. The electric light is 
a small fragment of charcoal kept in the same shining 
hot state by the influence of a current of electricity. 

But, of all the solids that can be made to shine as sparks, 
carbon is the most convenient for the purposes of artificial 
illumination, because in many abundant compounds, such 
as tallow, stearine, oil, and gas, it is already mixed with 
just the due proportion of inflammable hydrogen gas 
which serves to keep it at^a shining heat whilst burning. 

In the excellent composite, or stearine, candles which 
are now made, fine wires of metal are so woven in with the 
wick as to cause it to turn its end out to the side of the 
flame as the candle burns. The end is then kept cut off 
short, by being corroded away where it touches the current 
of air passing into the film of the hot flame. Candles are 
convenient to use chiefly on account of their lightness, 
and the readiness with which they can be carried about 
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They suffer, however, from the disadvantage that they 
" gutter " when carelessly carried, or when left in a current 
of air or draught. This guttering is caused by the firm, 
cool rim, which constitutes the cup at the top of a burning 
candle, being broken down, when the flame is driven too 
much on one side of it by a draught. A gap is made 
in the rim through which the melted stearine is apt to 
flow down, until it forms an unsightly and wasteful ridge 
along the outside of the candle. 

The shining hot state into which solid particles can be 
thrown by great intensity of heat, is technically called 
incandescence, a word that is derived from the Latin 
term incandesco, which means to wax very hot. 



Part II. 

OIL-LAMPS. 

Thbbb is a very inflammable liquid, composed like stearine 
of hydrogen and carbon, which is called rectified oil of 
turpentine, or camphine. If a small piece of cane be put 
end downwards into a little saucer of this, the liquid not 
being able to get out sideways through the hard, flinty 
skin of the cane, is sucked up through its pores to the 
top ; just as the melted stearine is sucked up through the 
wick of a candle when it is alight. The vapour of the 
inflammable camphine may then be set light to, where it 
issues from the top of the cane, and will go on burning 
like the flame of a candle. 

But the rude piece of illuminating apparatus thus 
formed is a lamp, and not a candle. Whenever an in- 
flammable substance, that is liquid at ordinary tempera- 
tures, and therefore does not require ^ \^ \fik!^^^/^^^& 
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sucked or forced np through a wick and burned at the 
top, the arrangement constitutes what is called a lamp. 
The lamp only differs from the candle in the fact that it 
is a liquid substance in the first instance, instead of a 
solid, that is burned, and that the necessity for melting it 
at the time of the burning is thus got rid of. 

The chief difficulty that had to be contended with in 
the case of lamps when they were first used, was the 
getting the liquid combustible sucked up to the top of the 
wick in sufficient quantity to prevent the wick itself from 
being burned in its stead. If this occur, the wick gets so 
hardened and charred at its extreme end that the vapour 
of the oil can no longer pass out freely to maintain a 
bright flame. In the improved modem lamps, this diffi- 
culty is entirely got rid of by special ingenious and 
admirable contrivances. 

In the best oil-lamps, the combustible oil is no longer 
left to be sucked up to the top of the wick, as water is 
sucked up in a sponge, but it is forced up, either within 
a hair's breadth, or so, of the top of the wick, or above the 
top, so that it overflows and runs down. There is always, 
then, such an abundance of the combustible liquid at the 
edge of the wick that it alone bums, appropriating the 
entire supply of oxygen, and leaving the wick no oppor- 
tunity to do so at the cost of a charring. 

In the form of oil-lamp which is known as the Queen's 
reading lamp, and which is very simple and good, the oil- 
reservoir is placed higher than the wick, so that the oil 
can flow down to it by its own weight. The oil-reservoir, 
or cistern, stands at one side of the stem, or foot, and the 
burner apart, at the opposite side ; the two being con- 
nected by a transverse tube which carries the oil. In 
order to prevent the overflow of oil from its high cistern, 
there is a seK-reguiatijig ^oA.'^^ ^1 IIlq bottom of an inner 
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part that fits into an outer cylindrical case, or open cup. 
This valve is opened and closed by the alternate rise and 
fall of the oil, which issues from the inner reservoir into 
the outer case. The oil in the outer cup sink's by the 
lowering of its surface, as the portion contained in the 
cup is burned, and so opens the valve ; and it rises and 
closes the opening when enough has again flowed out 
from the reservoir to once more reach the valve. When 
the reservoir has to be charged with oil, the inner part is 
lifted from the outer cup and turned upside down; the 
valve then opens of its own accord, to allow the oil to be 
poured in, and can be closed by the fingers, as the inner 
vessel is again turned over to be replaced in the case. 
In this lamp, if the height of the valve, at the bottom of 
the can, and of the wick be not carefully adjusted, so 
that the latter stands a trifle higher than the former, the 
oil will overflow from the wick, and may at length fill 
the bulb which is placed beneath the tube of the burner 
to catch such as escapes. 

The best of all the forms of oil-lamps is, however, the 
Moderator. This consists of a cylindrical oil-reservoir, 
in which a piston-rod carrying a leather plunger can 
move up and down. The piston-rod and plunger are 
lifted by turning a toothed wheel acting upon a ratchet, 
and, when they are so lifted, they push against a spiral 
spring above, and bring its elastic resistance into play. 
At the same time the oil contained in the reservoir runs 
down tmder the edges of the leather plunger as this 
is raised. When the winding is finished, the wound-up 
spring presses upon the leather, the leather presses upon 
the oil, and the oil under this pressure is squeezed up 
through a^very fine tube which leads to the burner and 
the wick. The size of the can and tube, and the strength 
of the spring are so adjusted to each othei:'U;^s^S^k\ii&^&&'«k 
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four or five hours for all the oil to get squeezed out 
through the tube. As it is squeezed, it flows gently to the 
wick, and, haying fed it with as much oil as is necessary 
for the burning, overflows and drips down the outside of 
the burner. But the drip is caught beneath and carried 
back to the reseryoir, where it can be used oyer again, 
when the lamp is once more wound up. As much oil is 
poured into the reseryoir eyery day as serves to replace 
the quantity consumed in the last burning. In the 
Carcel Lamp, which was much used before the Moderator 
was introduced, the overflow of oil through the wick was 
maintained by a small pump driven by clockwork. 

The principal care required in using the Moderator 
Lamp is to see that pieces of solid refuse, or dirt of any 
kind, do not get into the oil in the reservoir, because the 
tube, through which the oil is driven thence to the burner, 
is of necessity so small that it can easily get choked up. 
This tube is so contrived that, by the insertion of a long 
pin of a tapering form into its interior, the internal and 
effective diameter is increased, for the passage of the oil, 
in proportion as the pressure of the wound-up spring 
becomes exhausted and weak. This is the peculiarity 
from which the lamp derives its name. The lamp is so 
planned that the flow of oil, imder the pressure of a 
varying spring, is so moderated, or regulated, as to be 
steady and unvarying. 

With both these excellent forms of oil-lamps, it is 
indispensable that only oil of a good quality should be 
used. If impure oil be employed, the lamp will certainly 
burn badly, however good may be its own form and con- 
struction. In impure oils, various materials, not entirely 
composed of the combustible elements, carbon and hydro- 
gen, are mingled in with them. When used in a lamp, 
the consumption of these coarser and less oombostibla 
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ingredients leads to dullness in the flame, in the place of 
brightness, and very soon also chokes with thick deposits 
the tubes and pores which need to be open for the free 
passage of the oil. 

All oil-lamps are, however, indebted for their perfection 
and usefulness to an invention which was made — now 
nearly a century ago, that is, in the year 1782 — ^by a 
physician and chemist of Geneva, named Aime Argand. 
He constructed a burner, in which a ring-shaped wick was 
employed, and in which air was allowed to pass to the 
inside as well as to the outside of the circular film of 
flame. Very shortly after the invention of this burner, 
the younger brother of Aime added to it the tall, circular, 
glass chimney with which it is now universally used. 
This chimney causes a very powerful current of air to 
pass up both inside and outside of the flame ; and, under 
the blast which is so sustained, the combustion is made 
very brilliant and perfect, all the hydrogen generated by 
the heat being at once consumed, and all the carbon being 
turned into bright, shining sparks. The value of the 
invention is at once seen, if the passage of air, to the 
inside of the flame, be temporarily interrupted by in- 
serting a plug in the hole at the bottom of the burner. 
Black smoke or unconsumed carbon immediately rises 
from the flame. 

m 

The chimney which is used with the argand burner, is 
often arranged to be raised and lowered at will, so as to 
regulate the stream of air supplied to the flame. In 
order to get the best results, the size of the burner, the 
breadth and height of the chimney, and the supply of oil 
to the wick, require to be all carefully adjusted to each 
other. In the best Moderator Lamps, this adjustment is 
now made in such a way that no further alteration can 
be effected. With a burner which ia 1 yd>s^ ««sc5;2i«8^ 
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the glass cbimney needs to be 9 inclies higb, If inch in 
diameter at the bottom, and 1^ inch at the top, and to 
have its contracted shoulder 1 inch above the upper edge 
of the wick. 

The oil most commonly used with the Moderator 
Lamp is that which is known as colza. This oil is ex- 
pressed from the seed of the rape, a variety of the Brassica 
campestris, which is a near relative of the wild turnip and 
cabbage. The colza-oil plant is very extensively culti- 
vated in France for the manufacture of this oil. The 
word colza is simply a corruption of cole seed, which 
is another name for rape seed. 

A stearine candle, of the size known as six to the pound, 
consumes 120 grains of stearine in the hour, and should 
bum from nine to ten hours. The Moderator Lamp, with 
an argand burner one inch in diameter, gives the light of 
seven such candles, and consumes in full burning 728 
grains of oil per hour. The Moderator then costs three 
times as much as the candle, but gives seven times its 
light. 



Part in. 

PARAFFIN LAMPS. 

The Faraf&n Lamps, which are also now in general use, 
bum an oil that is procured from the distillation of coal- 
tar, and some other kinds of bituminous substance. This 
liquid is not properly paraffin, as it is sometimes called. 
It is paraffin oil, or tar-oil, which is another name for 
the same thing. Paraffin itself is a solid substance which 
can be extracted from the oil, and which is of a very 
similar nature to stearine. The combustible mineral oils 
employed for lamps axe «31 -^et^ xk^ m ^jaraflin, and their 
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high illuminating power in the main depends upon its 
presence. The name is derived from the important pecu- 
liarity that this substance is comparatively indolent in its 
chemical energy, or tendency to combine with other bodies. 
The word is a modification of the Latin parum af&nis, 
which means small afB.nity ; affinity being the scien- 
tifically accepted term for chemical energy. 

The crude oil, procured from coal and bitumen, consists 
of four distinct substances, which are, however, readily 
procured apart from each other, because some are driven 
off into vapour at lower degrees of heat than the rest. 
The first product which is separated as vapour when heat 
is applied, is called paraffin naphtha, after it has been again 
condensed into a liquid. It is very inflammable, and its 
vapour will bum in the objectionable form of a sudden 
explosion like that of gunpowder. The next liquid pro- 
duced is the true paraffin oil, which is employed for pur- 
poses of illumination. A third product is a heavy oil, used 
only for lubricating machinery ; and the fourth and last 
constituent, which remains when the other three ingre- 
dients have been removed, is the solid paraffin already 
spoken of. All tarry and bituminous substances, as well 
as coal, are primarily derived from the slow and impeded 
decomposition of vegetable substances, and it is therefore 
not a surprising matter that in their nature they should 
so nearly resemble oil, which is also a vegetable pro- 
duct. 

Paraffin oil and paraffin contain a larger proportion 
of hydrogen than most other hydro-carbon compounds; 
and they both give a whiter and brighter light in burning 
than other oils, or than stearine. The great recommenda- 
tion of paraffin oil is its being so limpid and thin that 
it flows up readily into wicks, by the mere influence of 
suction, and that, on account of its great InflAxokSs^^^^c^ ^ 
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it bums without charring the wick itself. It requires a 
temperature of 150 degrees to conyert it into vapour, 
and it does not inflame until raised to a slightly higher 
degree of heat than that. 

The danger which attends the use of paraffin oil in 
lamps is mainly due to the fact that it is sometimes mixed 
with the highly volatile and explosive paraffin naphtha, 
because that is a cheaper product than the oil. When 
this is the case, the vapour is liable to be suddenly 
generated at temperatures lower than 150^, and to 
cause a dangerous explosion. There is, however, a very 
simple and easy way of testing whether the oil has 
been properly deprived of the naphtha, and is safe for 
use. If a teacupful of boiling water be mixed with a 
teacupful of water having something like 60^ of heat, its 
temperature will be lowered to 136^. One teaspoonful 
of the oil, being floated upon this, will be at once brought 
to the same temperature, and will then take fire, on the 
application of a lighted match, if it contain the volatile 
naphtha, but will not bum at all if it be pure paraffin oil 
properly prepared for use in lamps. 

Para£&n oil is burned in lamps with a flat wick furnished 
with a brass cap, that has a narrow slit in it only a little 
wider than the wick. This slit directs a strong blast of 
air upon the sides of the flame, and secures a clear com- 
bustion without smoke. When the lamp is first lit, the 
flame should be turned down by lowering the wick until 
it is only just alight along its entire length, and the glass 
chimney should then be put on« The wick may afterwards 
be turned up very gradually until the flame assumes its 
best aspect of clearness and brightness. 

In using paraffin lamps, the lamp should invariably be 
trimmed and replenished with oil in daylight. The 
reservoir Bhould neNei be <\uite filled, and the oil on no 
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account be allowed to come np so high as the metal part 
of the burner. Any overflow of the oil to the outside of 
the lamp must be at once very carefully wiped away, 
so that there may not be any disagreeable smell; and, 
when the lamp is not in use, the wick should be turned 
down as far as it can be into the tube of the burner. 
Paraffin oil is about one-fourth part cheaper to bum, for 
producing artificial light, than colza oil, when equal 
quantities are consumed ; but in reality gives the same 
brilliancy of light with less consumption. 
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LESSON LVI. 

GAS. 

DERIVATIONS. 

Simultaneously. — ^At the same time. Lat simul, together, at 

the same time. 
Olefiant. — Oil-making, name for a compound gas, originally given 

to it hy chemists because it turns to oil when mingled with the 

element chlorine. Lat. oleUm, oil, and fiO, to make. 
Carburetted. — Carbonized, combined with carbon, so as to form 

with it a neutral, or neither acid nor base-like, compound. Lat. 

cSrbo, carbon, or charcoal. 
Impetuously. — Violently, with speed and force. Lat, unpetuo- 

SUS, violent, headlong. 

Part I. 

The gas which is used for the lighting of houses and 
streets, exactly resembles the combustible vapour formed 
in the interior of the flames of candles and lamps. It is 
composed entirely of hydrogen gas and carbon, and is 
distilled, as a vapour, by heat out of a combustible sub- 
stance. It is formed out of coal exposed to strong heat 
under the entire exclusion of air, in the retorts and 
furnaces of the gas factory. 

But there is this important difference in the two cases. 
The gas which is distilledout of coal, is not set light to 
and turned into flame as soon as it is driven off from the 
combustible substance that yields it. It is in the first 
instance stored away in large reservoirs or gasometers; 
and is then pressed out from these through pipes, and 
distributed to the houses and streets in which it is to be 
iSnally turned, \)y ToTimm^, into illuminating flame. The 



OA8. 841 

coal gas which is thus generated, consists however of 
four distinct kinds of combustible vapours mingled 
together; that is to say, four different gases are simul- 
taneously distilled out of the coal. 

Quite one-half, or 50 per cent., of the coal gas is pure 
hydrogen, which burns, it will be remembered, almost 
without giving light. More than another quarter, or 
36 per cent., is the compound gas called carburetted 
hydrogen. This is formed by the union of carbon and 
hydrogen, and yields a comparatively dull, yellow flame, 
of a very inferior intensity to that which is furnished by 
street- and house-gas. Another 8 per cent, is a gas 
which burns with a dull-blue flame. This is carbonic 
oxide, the compound formed when carbon is made to 
unite with oxygen in circumstances in which only a 
limited quantity is supplied. These three gases, hydrogen, 
carburetted hydrogen, and carbonic oxide, taken together, 
make up as much as 94 per cent, of coal gas. Yet if 
these three so abundant ingredients are mixed together in 
the proportions that have been named, the mixture bums 
with only a dull and useless flame. The brightness of 
gas-light is hence obviously due to whatever substance 
it is that constitutes the remaining 6 per cent, of the 
mixture. 

The fourth ingredient of coal gas, upon which the 
brilliancy of its flame depends, is called oleflant gas. 
It is composed entirely of carbon and hydrogen, and is 
therefore a compound gas comprising the same actual 
elements as carburetted hydrogen. But there is a larger 
proportion of carbon to the hydrogen in it. Each mole- 
cule of carburetted hydrogen contains two atoms of hydro- 
gen combined with each atom of carbon. In defiant 
gas, there are two atoms of carbon as well as two atoms 
of hydrogen in each molecule. 
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Olefiant gas, in its pure and separated state, bums with 
an intensely white and brilliant flame. Its light-giving 
power indeed is so great, that when it is diluted with nine- 
teen times its own volume of its less brilliant allies, the 
hydrogen, carburetted hydrogen, and carbonic oxide, the 
mixture still bums with more brilliancy than even the 
paraffin oils. If the four gases, hydrogen, carburetted 
hydrogen, carbonic oxide, and oleflant gas, be made sepa- 
rately, and then mixed together in the proportion of 50, 
36, 8, and 6 measures or parts, respectively of each, they 
bum, in that state, exactly like coal >gas. Coal gas may 
thus be made by putting together its several ingredients. 

The brightly burning defiant gas is of a very similar 
nature to the inflammable liquid oil of turpentine and to 
the solid paraffin. It is composed of the same elements, 
combined together in nearly the same proportion. A 
very pure form of paraffin called naphthalin, oil of turpen- 
tine, and defiant gas, are now generally looked upon as 
being scarcely more than three different forms of the 
same substance. They are considered to be very nearly 
the same thing in the solid, the liquid, and the gaseous 
states. 

The argaud burner is quite as useful in the case of 
coal gas, as it is in that of the oil-lamp. Gras is burned 
to more advantage with it than in any other way. The 
gas issues in this burner through a number of small holes 
in a ring, over which the tall glass chimney is placed, 
and the air rushes up both inside and outside of the 
circular flame. In order, however, that this -burner may 
give the best attainable result, its several proportions and 
the supply of the combustible must be as accurately 
adjusted to each other, as they are in the case of the 
argand burner of the oil-lamp. If the gas issue from 
the boloB of the bumei too \m^\?a.OTJi5^^^\!aft brightness of 
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the flame is not so perfect as it should be ; and so, again, 
if the glass chimney be too long, the result is that the 
flame is smaller and brighter, but that on the whole it 
gives less light than with the shorter chimney. With an 
argand burner well-arranged in these several particulars, 
and fed with five cubic feet of gas per hour, the light equals 
that of sixteen stearine candles of the size known as six 
to the pound. But the cost of the five cubic feet of gas is 
less than a farthing, or very nearly of the same value 
as the tenth part of a candle, which bums up in an hour. 
Oas is therefore sixteen times cheaper than candles where a 
very strong light is tequired. It is also about one-fourth 
part cheaper than paraffin oil. The chief reason why 
gas is so much cheaper than most other illuminating 
agents, is that it is made from coal, which is a natural 
substance dug out of the ground. The cost of digging 
the coal, carrying it to the place where the gas has to 
be made, and manufacturing it at the gas works, is less 
than the cost of purchasing and preparing an equiva- 
lent amount of oil, or stearine. 

The chief disadvantage that is connected with the use 
of coal gas, is that it is usually burnt too far away from 
the immediate place where the artificial light is required. 
The gas-burners are almost always placed high up in the 
centre, or upon the walls, of a room ; whilst candles, or 
a lamp, are placed upon the table where work or some 
special occupation is being pursued. The obvious result 
of this is that the gas lights the room rather than the 
work, and that a great deal of the brilliant illumination 
is wasted. No one who has become used to the pleasant 
light of a well-shaded Moderator Lamp for reading and 
writing at night, can afterwards be satisfied with the 
distressing and comparatively useless glare of gas flames 
shining down from some high and inconvenient positicAk 
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in the room. It is quite possible, however, by the 
exercise of a little thoughtful contrivance, to adapt an 
argand gas-burner with a reflecting shade, either to a low 
bracket, or to a movable stand furnished with a flexible 
tube, so that this disadvantage is entirely obviated. Gras 
then furnishes the cheapest, most convenient, and most 
efi&cient artificial light that can be used. 
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Part II. 

Whebe brilliant gas is burned in the interior of a room, 
it is of considerable importance that additional provi- 
sion shall be made for ventilation. It must never be 
overlooked that a single gas-burner, consuming five cubic 
feet of gas per hour, spoils as much air for respiratory 
purposes as fourteen adult women or men. The unwhole- 
someness of gas illumination, in insufficiently venti- 
lated rooms, is chiefly due to the fact that, on account 
of the comparative cheapness of gas, a very much more 
brilliant light is maintained with it than when oil-lamps 
or candles are depended upon. A gas flame is hardly 
more injurious or objectionable than a lamp or candle 
flame, when the consumption of fuel is the same in both 
instances. The best authorities, indeed, say that with 
equal illumination candles produce more impure vapours 
than gas. The most satisfactory of all methods, for 
the removal of this objection to the use of bright gas, 
is the furnishing of each burner with a chimney of its 
own, in the form of an earthenware or metal pipe, com-p 
mencing immediately above the flame, and running out in 
an upward sloping direction, through the wall of the room. 
A powerful upcast through this pipe is then caused when 
the gas is alight, and ttie gjas liot only carries off its own 
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impure vapours, but also becomes a cause of further 
purification of the air of the room, by bringing in a 
powerful stream of fresh air from the outside. The next 
best expedients are not to use a more brilliant light, when 
gas is employed, than would be found sufficient with an 
oil-lamp or candles; to bring the flame down near to 
the objects that require illumination; and so to adjust 
a reflecting shade over it as to screen the eye and 
strengthen the light upon the occupation in hand. This 
method of procedure has also the further recommendation 
that it is economical as well as eflective. The cheapness 
of gas is no good reason why it should be wastefully used. 
The coals from which it is manufactured will be exhausted 
some day ; and will last so much the longer for the many 
important services they have to render if they be econo- 
mically, instead of wastefully, consumed. 

Some trouble is not unfrequently caused, especially in 
cold weather, by the gas burning unsteadily and fitfully, 
and even, now and then, going out. This is almost 
always due to the condensation of watery vapour within 
the gas-pipes, in consequence of the employment of the 
water meter to measure the quantity supplied to the 
house, and to an improper and unskilful arrangement of 
the gas-pipes themselves. The pipes should always be 
laid so as to have a steady and uninterrupted slope up 
from the meter to the burners. Any vapour that rises 
from the meter (in which water is employed), and con- 
denses in the pipe under the influence of the cold, then 
flows down the slope to the lowest part, and can be there 
allowed to run out of the pipe by turning a tap provided 
for the purpose. Generally the gas-pipes, unfortunately, 
are laid so that there' are bends, and up and down 
waves in them. The water then accumulates in the 
lowest parts of these bends, and there ofSsc^ x^^sss^^ssk.^ j 
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to the free passage of the gas. The gasfitter's clumsy 
expedient for the removal of this obstacle is to blow 
through the tube until the water is expelled. The objec- 
tion to this plan is that it is a temporary relief and not 
a permanent cure. The water immediately begins to 
accumulate again, if the same causes remain in operation. 
The use of the meter which is known as the dry meter, 
entirely prevents this form of derangement and annoyance. 

The explosions which occasionally occur from the 
accidental escape of gas out of the pipe, are due to the 
intimate mingling together of gas and air in such pro- 
portions that, when flame is applied, the air mingled with 
the gas can furnish oxygen enough for the instantaneous 
conversion of the whole into carbonic acid and water. 
The entire quantity of gas that has escaped, then bums 
ojQP in a moment, instead of being consumed, in a lengthened 
and gentle stream, as it draws air gradually to the flame. 

E^losions of this character only occur when the gas 
and air are mingled together in such proportions as 
enable this instantaneous combination to ensue. The 
most powerful explosion takes place when eight volumes 
of air are mixed with one volume of gas. Less violent 
explosions may occur when the mixture contains as little 
as from six to eight volumes of air, or as much as from 
eight to fourteen volumes of air, to one volume of gas; 
that is, anywhere within those limits. When there are 
only four volumes of air to one of gas, no explosion can 
take place ; and, with more than fourteen volumes of air 
to each volume of gas, a flame introduced into the mix- 
ture bums with enlarged dimensions and without causing 
explosion. 

The most likely cause to lead to explosions of this 

character is the tap of the burner having been accidentally 

and unconsciously tvmie^L oil mthout lighting the gas, 
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and having been so left as to go on discharging its stream 
of unbumed gas, until a proportion of something ap- 
proaching to the one volume of gas to eight volumes of 
air has been reached. A similar result may also be pro- 
duced by leaving the tap of the burner turned on, when 
the gas is turned off at the main ; or, in other words, by 
turning the light out at the main instead of at the burner. 
Then, when the gas is again turned on at the main, it, of 
course, issues out in a continuous stream through the 
unclosed burner. Accidental fractures in the pipe, or in 
the joinings of the pipe to the tap, may, of course, lead to 
a similar dangerous admixture of gas and air. A gas- 
burner discharging five cubic feet of gas per hour into a 
room containing 1000 cubic feet of air, would turn the 
whole into a violently explosive mixture in twenty-four 
hours. 

It fortunately happens that coal gas produces a very 
obvious and disagreeable smell when it is mingled with 
air in the dangerous proportion of one volume to fourteen. 
The great rule of conduct in regard to gas, therefore, is 
never on any account to take a lighted candle into any 
place where the slightest gas smell is observed; but 
immediately to open all doors and windows, and then to 
find out where the escape is occurring. Another pre- 
caution, of inconceivable value in regard to gas, is to 
acquire the habit of always trying whether the tap of the 
gas-burner has been efficiently turned ojQP before a light is 
brought near to it after turning the gas on at the main. 
A very obvious measure of safeguard also is to make it an 
invariable rule to turn the gas ojQP at the main at night, 
and to keep it so turned off until gas is again wanted 
somewhere. There is an additional reason for this 
practice in the fact that the smaller taps are more easily 
kept in good order if they be relieved of the pressure frouL 
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the main at times when the burners belonging to them 
are not in use. 

The principal cause of these explosions with coal gas 
is the carburetted hydrogen which it contains. Another 
of the names for carburetted hydrogen is flre-damp 

. or flre-vapour. it has acquired this designation on 
account of the dreadful explosions and fires which it 
sometimes produces in the underground galleries of coal 
mines, where it is apt to be spontaneously generated by 
exudation from the coal seam^. 

Since the combustion of hydro-carbon compounds in 
flame is, in the main, sustained by the air blast that is 
furnished, it follows, as a matter of course, that the 
character of the combustion is liable to be materially 
modified by altering the supply of air. When some of 
the air is withheld from the flame of an argand burner, 
black smoke appears, because some of the carbon then 
escapes without being consumed. All the air that is 
available, or nearly so, is under such circumstances 
required to support the burning of the more readily 
combustible hydrogen. On the other hand, if more than 
the usual quantity of air be supplied, the carbon also is 
consumed before it has had time to furnish its sparkling 
light by lingering in the red-hot or incandescent condition. 
This is what is actually accomplished in the arrangement 
termed the Bunsen burner. A regulated amoimt of air is 
first intimately mixed with the gas as it issues from the 
pipe, and then this mixture of gas and air is burned by 
the still further addition of air streaming in to the flame 
in the usual way. The result, however, is that the flame 
then loses nearly all its illuminating power. The 
particles of carbon are not made red hot and turned into 
shining sparks, but are at once changed into carbonic 

acid gas, without lingeimg, ^t«N» va. the intermediate red- 
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hot state. The Bunsen burner, however, gives more heat 
than the ordinary gas flame, on account of the increased 
rapidity with which the carbon is consumed. The non- 
illuminating flame of the Bunsen gas-burner is therefore 
used when gas is wanted for heating, instead of illumi- 
nating purposes, as in the instance of gas-stoves, and 
cooking apparatus. 
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LESSON LVII. 

MISTRESSES AND SERVANTS. 

DERIVATIONS. 

Pantry. — ^The place where food and relative matters are kept. Fr. 

paneterle, a bread room. 
Department. — ^A separation, or division ; a separate part or portion. 

Lat, dispSrtio, to divide. 
Scullery. — ^The place where kitchen ntensils are kept. Fr. ecuelle) 

a bowl. 
Ministered to. — Served. Lat. ministrOy to wait upon. 
Include. — ^To comprise, or contain. Lat, in and claudo, to shut 

within. 
Persistently. — In a resolute or steadfast way. Lat. persistens, 

standing out, persevering. 

In large households the excellent and advantageous prin- 
ciple of division of labour is universally adopted, and 
the work is economically distributed amongst numerous 
servants in such a way that different kinds are performed 
by different individuals. 

The servants of primary importance in all households, 
under this plan of the distribution of labour, are those 
who are respectively termed cook, housemaid, parlour- 
maid, and nurse, in consequence of the offices they fill. 

The work which falls to the share of each of these 
classes of servants is pretty well expressed by the names 
they bear, but the occupation of each servant of necessity 
varies to some extent in different families, according to 
the particular circumstances of each. Thus, for instance, 
the cook invariably takes charge of all that relates to the 
preparation of food, aoid oi the kitchen and its appliances, 
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but in some families also has to look after the cleaning 
and arrangement of the hall, and perhaps of one sitting 
room. The housemaid, where no parlour-maid is kept, 
attends to all pantry work, waiting at table, and answering 
the door, as well as looking after the house in general, 
so far as keeping the rooms, passages, and their contents 
clean and in order. When there is a, parlour-maid in the 
establishment her share of the service is the parlour and 
pantry work, and waiting at table, but in addition to this 
she commonly has the charge of house and table linen, 
and gives some assistance in needlework. 

In large households the parlour-maid is often replaced 
by a man servant, so far as attendance, waiting, and the 
charge of the pantry are concerned. In such households 
two, or even more, housemaids may also be required, of 
whom one then assumes the superintendence and direc- 
tion of the rest. In such circumstances the cook, too, 
commonly has a scullery-maid under her, to take the 
heavier and rougher part of the kitchen work off her 
hands, such as all cleaning and the washing up of utensils 
used in preparing and serving the food. 

When many servants are employed in a household, as a 
matter of course all the varied duties should be performed 
at the very best — plate, knives, china, and glass, should 
shine without a speck, and the carpets, curtains, and 
polished furniture should be without dust or perceptible 
soil. The same neatness and nicety may be aimed at in 
small households with only two servants, and with good 
order and management may be fairly achieved. Indeed 
where work is not thus thoroughly done, many servants 
are an evil rather than an advantage, for no single indi- 
vidual in the household is the better for their presence. 

When a large family has to be ministered to by only 
two servants the case is somewhat different. It may 
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be impossible to have everytliiiig kept at tbe bigbest 
point of nicety. Notbiug, indeed, more tests tbe ability 
and skill of tbe bead of tbe bouse tban tbe extent to 
wbicb tbis bigber standard of completeness is in sucb 
cases approacbed. Tbe best course, in sucb circumstances, 
is, for tbe mistress to aim at tbe great essentials of clean- 
liness and order, ratber tban at extreme finisb and nicety 
everywbere, and to forego some part of ber own tastes 
and liking in tbese respects, ratber tban barass berself 
and ber servants by attempting impossible tbings. 

Cbildren are tbe cbief causes of stress of work in 
bousebolds witb few servants, but tbey are none tbe less 
tbe part of tbe family wbicb bas to be most carefully 
tbougbt of in tbe matter of attendants. Tbe nurse is tbe 
most responsible dependent of tbe bousebold, because sbe 
bas tbe cbarge of tbe young cbildren at tbe tender age 
wben botb tbe bealtb and cbaracter are tbe most largely 
influenced by judicious or injudicious bandling. Sbe 
needs, tberefore, to be wortby of entire trust. No qualifi- 
cation of cleverness in keeping ber nursery and tbe 
cbildren in good order can possibly make up for tbe 
absence of bigb principle, and a keen sense of ber re- 
sponsibility in tbose graver matters wbicb toucb tbe 
bealtb, tempers, and well-being of ber cbarge. 

Tbere are certain qualifications, bowever, wbicb are 
indispensable for servants of wbatever class, over and 
above tbose required likewise for tbe work of tbe depart- 
ment to wbicb eacb belongs. Of tbese general quali- 
fications tbe foremost in importance are integrity and 
bonesty. 

It very rarely bappens, at tbe present day, tbat servants 

are guilty of tbe fault of deliberate tbeft. But tbere is a 

more insidious, and not always recognized, form of dis- 

honeBty, unbappily not ao Tare, wbicb expresses itself 
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in the wasteful use and careless handling of the goods 
that are supplied by, and that belong to, the head of the 
household. This fault commonly comes of bad early 
training, and is generally connected with inconsiderate- 
ness on the part of the servant. As nevertheless it is 
one which is injurious to both herself and her employer, 
pains and thought should be bestowed to overcome, or 
at least to lessen it. The best of all influences in this 
direction is, that the mistress herself set an example of 
proper thrift and care, taking suitable and well-chosen 
opportunities to talk kindly with her servants, and to 
enlarge upon her reasons for doing so. She should point 
out how right principles and good habits in these par- 
ticulars are certain at some time or other to benefit them 
as much as herself, especially if the time ever comes for 
any one of them to have a house of her own to manage. 
Few servants who are subjected to a practical education 
of this kind, will fail to respond to it so far as almost un- 
consciously to adopt a higher standard of honesty than 
they may have recognized in the beginning. 

Candour and truthfulness in words are scarcely 
less to be desired in servants than honesty in deeds. 
Here again frankness and the absence of unnecessary 
reserve on the part of the mistress may help to develop 
or to strengthen these desirable qualities ; they open the 
only way to a good understanding and to trustful rela- 
tions between her and her servants; and it is worth 
while, as a matter of satisfaction and comfort, that these 
should be established, even if the mutual connection is 
only to last for a brief period. Without them, the 
mistress is deprived of her best opportunity of being kind 
to her servant, and of influencing her for her own ad- 
vantage. A good mistress desires before all things to 
show that she feels a real concern for the comfort and. 
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interests of her dependents, and is only too glad to avail 
herself of any reasonable, or seasonable, opportunity to 
give expression to the feeling. This, however, it is 
obvious, she can only do when the servant is ready to 
respond to the desire, and opens her heart to manifesta-* 
tions of kindliness and regard. 

The inevitable result of the want of a good under- 
standing of this kind, in which the bond of a common 
humanity is recognized, must be growing dissatisfaction 
on both sides, and the exaggeration and perpetuation of 
shortcomings and failings, instead of their amendment 
or removal. 

After honesty in deeds, such as includes faithfulness 
in the use of what is entrusted to her, and openness and 
truthfulness in her bearing towards her employers, order 
and cleanliness stand next in the list of desirable qualifi- 
cations in a servant. It is scarcely possible to overrate 
the discomfort an uncleanly servant can cause in a house. 
But, in order that cleanliness may be secured, there must 
be thoroughness in the performance of work. A 
servant who does not put her heart into what she does, 
is sure not to perform her task thoroughly. When the 
want of this thoroughness is due to bad early training 
and to consequent slovenly habits, rather than to perverse 
determination to neglect what should be done, judicious 
handling on the part of the mistress may accomplish 
much in getting rid of the fault. The important point to 
aim at is patiently but persistently to draw attention to 
defects, and to give the encouragement of praise whenever 
improvement appears. 

In all work, if any stage be omitted in its proper place, 

it has to be supplied afterwards when the omission is 

discovered. But the supply of an omission in that way 

can only be made at the cost of additional, or in other 
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woirds of loss of, time. Disorderly servants on this 
account take longer to do their work than methodical 
ones, even when they are right-minded enough to do 
afterwards what they have omitted at the proper time. 
In addition to which, some dirty or nnsightly operation 
is going on long after it ought to have been completed^ 
a circumstance that often makes a trying demand upon 
the patience and forbearance of the mistress. For this 
reason alone, it is well worth the mistress's while to 
show any good**intentioned servant, even if it have to be 
done again and again, how to arrange her work in the 
most methodical and orderly way. As a general rule, 
however, it will be found that old servants are capable of 
but little improvement in this respect, while with young 
ones much may be hoped for. 

Oood temper is a valuable qualification in servants, 
which is sure to be highly appreciated by all who come 
within its pleasant influence. It is a virtue, however, 
even more imperatively required by the mistress, because 
with her it means the power to influence and improve the 
dependents who are under her guidance. To the mistress 
it is indeed so essential a qualification, that if good 
temper and patience be not among her natural gifts, she 
must at least acquire such command of herself as to be 
able to control irritable and angry impulses, or she will 
never succeed in ruling her household well. Such 
control of a naturally quick and impetuous temper will 
fully compensate for the absence of a gentle disposition, 
so far as the successful management of servants is con- 
cerned ; and control is a matter of moral purpose and 
seK-discipline, which all reasonable beings should require 
of themselves. 

Fault-finding is readily borne when the unpleasant 
business is gone through with gentle words, and with the 
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entire avoidance of hasty and irritating expressions. The 
mere exhibition of angry impatience and annoyance at 
some omission or mistake unfortmiately aronses a similar 
state of temper in return. There is, perhaps, no other 
relation in life in which it is more emphatically true that 
"the soft word turns away wrath." A mistress should 
never forget that rebuke of any kind is sure to be dis- 
agreeable and keenly felt at the best, and that, therefore, 
it should be administered in gentle and well-considered 
words, rather than with angry exaggerations and irritating 
allusions that increase the smart. For this reason, when 
a complaint has to be made, or fault to be found, it is 
always best that the task should be deferred until the 
first keen feeling of annoyance is past, and until the 
whole bearing of the case can be referred from impatient 
impulse to the cooler judgment. The correction of the 
mistake should also be made as the calm statement of 
a fact, and not as the urging of a grievance or complaint. 
It is a most desirable and pleasant thing to have good 
temper and ready obedience in a servant ; but the mistress 
should bear in mind that the influences which are most 
sure to call these into play are those moral qualities in 
herself which are matters of discipline and acquired con<- 
trol ; and that these are more reasonably to be expected 
whete the advantages of early education have been great, 
as with herself, than where they have been small, as is 
almost certain to have been the case with her servant. 
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LESSON LVin. 

EXPENDITUKE AND ACCOUNTS. 

DEBIVATIONS. 

Stimulus. — A goad, an agent that rouses or stirs up. Lot. stimii- 

lus, a prick. 
Medium. — ^The means by which anything is accomplished. Lot. 

mediuB, in the middle. 
Intrinsic. — Inward, really belonging to. LaU intrinsecus, on 

the inside ; intra, within ; sScus, by. 
Canon. — A law, or fixed rule ; from an Anglo-Saxon word. 
Covert. — Secret, concealed. Fr, couvrir, to cover. 
Connnodity. — Goods, wares, ai'ticles of commerce. Lot. com- 

mddlOy to profit or serve. 
Identically. — Exactly the same. Lat, idem, the same. 
Normal. — In accordance with an established law, or rule. Lot. 

normS, a square rule, a law. 

MoNET has of necessity to be expended for the provision 
of the necessaries of life; such things as house-shelter, 
clothes, and food. The indispensable need that there shall 
be money at command for the acquirement of these is the 
great stimulus to industry ; the great reason why human 
beings lead active rather than indolent lives. People 
work to earn money, in order that they may exchange the 
money they earn for the food that they eat, the clothes 
that they wear, and the houses that they dwell in. 

Money, in itself, is, in consequence, merely the repre- 
sentative of the value which is concerned in the exchange. 
People work that they may receive food, clothing, and 
lodging in exchange for their labour. But they take, as 
the inmiediate payment for their work, money, which is a 
token or sign that labour of a certain defixiit^ ^«<^^^ «sA 
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amount lias been performed ; and then th^y pay the same 
money in exchange for food, clothing, or shelter of equi- 
valent value. The money is thus the intermediate means, 
or medium as it is called, which enables the transaction 
to be conveniently accomplished. It is obviously desi- 
rable in the highest degree that there should be this 
accepted medium of exchange. A man works ten hours a 
day for a week, but during the whole of these six days he 
wants not one thing in exchange for his labour, but a little 
of a great many things, and this little, not all in one lump, 
but day after day. When, at the end of the week, he gets 
the value of his labour in money, he can so break up and 
divide the sum total into parts as to be able to pay for all 
the manifold things that he gets in its stead. In primitive 
and ruder states of society, the interchange of work for 
necessities, the thing that has been made for the thing 
that is desired, is still to a large extent accomplished by 
direct and immediate exchange. Such exchange is then 
in that form which is known as barter. In more 
advanced states of civilization, barter is entirely super- 
seded and displaced by operations with money, which are 
then termed buying and selling. 

In all civilized lands, money is made of the three 
metals, gold, silver, and copper, which possess the great 
recommendation of not being corrodible in the air. If 
the metal of which pieces of money are made were corro- 
dible in the air, each coin would be continually wasting 
away and becoming of less value. Another circumstance, 
which makes the metals, and especially gold and silver, 
which are distinguished as the precious metals, suitable 
for conversion into money, is the fact of the largeness 
of the cost of the material in comparison with its bulk. 
Gold and s^ver are so difficult to procure, that small 
qnantitieB only are addeSi -jewc \s^ ^ear to the amount 
aJreadj in the hands oi Ta!wa^^<i> ^^ ^^-asts^ ^^^a^k ia 
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very large in relation to the additions that are being 
made to it from time to time. It is this which gives a 
relatively fixed value to money. If at any time the quan- 
tity of the metal of which money is made were very largely 
increased, money would of necessity be lessened in value 
in the same proportion. All things are cheap when they 
are very abundant. Three other circumstances contribute 
also to mark these three metals as the best materials that 
can be employed for conversion into money. In the first 
place, they are of a very enduring nature ; they are not 
easily worn away or destroyed. In the next, they are of 
very small bulk for the intrinsic value they possess ; a 
given piece of silver will purchase very much more than its 
own volume, or weight, of most commodities ; and a piece 
of gold of the same size will purchase fifteen times more 
of anything than the silver. The pieces of gold and of 
silver can therefore be made of such size as is readily 
transported from spot to spot. In the third place, these 
metals are all easily divided into fragments of identically 
the same weight and dimension, and their division into 
coins can be so arranged that the silver represents sub- 
ordinate parts of the gold, and the copper subordinate 
parts of the silver. As everyone who buys and sells 
is aware, twenty shillings are of no more value than 
one sovereign, and twelve pence of no more value than 
one shilling. Hence, a commodity that is too small to 
be paid for by a sovereign, can be paid for by shillings 
or pennies, which practically serve the same purpose as 
cutting the sovereign into minute pieces. 

The sovereign is itself intrinsically of the exact value 
that it represents, that is to say, it would cost the value 
which it represents to procure out of the earth as much 
gold as is contained in the coin. On this account, and 
because it is one of the rarest and most difficult met»A&^ 
get, gold IB taken for the unit stauaaia. oi ^«^Ml^ ^ ^"^^ 
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reign weighs 123 grains, a number which it is easy to re- 
member, because 1, 2, and 3 are the first numbers in their 
natural sequence. Four soyereigns weigh 12 grains more 
than one ounce Troy. The sovereign is, however, not 
pure gold ; there is one part by weight of copper mingled 
with every eleven parts of gold. This admixture is made 
because the pure gold is too soft to wear well unless it is 
hardened. Silver and copper coins, on the other hand, do 
not contain metal of exactly the same value as that which 
they represent. They are only artificial tokens contrived 
to represent fractional values of the golden sovereign. 
The arrangement is made to prevent these coins from 
being applied to other purposes. It is clear no one will 
think of making a silver teapot out of half-crown pieces, 
so long as the same weight of silver can be bought for 
less than the lialf-crowns. Coins of silver and copper are 
always of a higher value when coined than the same metal 
is before it is turned into money. 

The first good rule in the economical employment of 

money is, never spend for any purpose more 

than is necessary. Everything has its proper value, 
or market-price, and is, therefore, to be purchased for the 
money which is at the time the representative of such 
value. It seems, at the first glance, that it must be a 
very easy thing to observe this rule. But it is not so 
in reality, because the value of commodities varies from 
time to time according to their greater or less abundance ; 
and because very commonly indeed, commodities are not 
as good as they appear. On this accoimt, there is a very 
large field for the exercise of caution and judgment in 
making outlay of money. Observation, forethought, and 
in addition to these, a considerable amount of training 
and experience are required to enable anyone to practise 
a BOiind economy in makiii^ T^\ac\i«fifte. 
Attention has already \>ewi mci^^Ti^»5^i ^a»w\i Va the 
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danger that lurks in the insidious allurements of bargains. 
Since everything has its due market-value, as a general 

rule bargains are not to be had. There are some 

small and not very important exceptions to this statement. 
But the rule is of such general acceptance that bargains 
should always be looked upon with suspicion, and be held 
to be most probably either things which have been fur- 
bished up to wear a faille face, or that are like sprats 
thrown out to catch a whale ; cheap trifles placed before 
unwary purchasers to lead them on to some larger and 
not always desirable expenditure. If the normal and 
more legitimate purchase of goods requires the exercise 
of judgment and experience, the purchase of bargains 
needs a manifold larger expenditure of the same qualities. 

Young housekeepers should take every opportunity 
that falls in their way to improve themselves in the art 
of making good outlay of money when purchasing the 
necessaries of life, and to turn to account the lessons of a 
riper experience than their own. They must, acquire as 
speedily as they can the power of distinguishing good 
articles from bad, and reality from pretence ; and above 
all things must cultivate an abhorrence of the superficial 
gloss and display which are intentionally designed to wear 
the appearance of more solid worth. The great canon in 
this particular is that empty show must never be pre- 
ferred to solid value. 

Payments of every kind should at all times be made in 
ready money, so far as this can be done ; and it is surpris- 
ing how far it can be done if the wisdom and advantage of 
the course are adequately understood, and the mind is 
made up to bear a little pinch rather than a great waste. 
Taking credit and running up a bill, is a wasteful opera- 
tion at all times, as it unavoidably means that the money 
is, in the end, to purchase less than the proper amount of 
the commodity for which it ia 6x.o\i«a^g^. "^^ ^^^ 
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dangeroiKS procedtnre over and above the waste, because it 
so commonly leads to the contracting of debt, which is 
the spending of money before it has been earned. Debt 
almost always ends in poverty and distress, and very 
often is in reality little else than dishonesty in a covert 
form. The first step in debt should be avoided at any 
cost, and it is manifest that the surest of all ways to shun 
that first step must be to adopt from the beginning the 
habit of ready-money payments. 

One of the most valuable aids, in the practical training 
which leads to sound economy in the outlay of money, is 
the custom of keeping a regular account of expenditure. 
Everything that is spent should be forthwith entered in a 
book, with a statement of the article, or purpose, for which 
the expenditure has been incurred ; and then, at regular 
intervals, such as once a month or so, the several parti- 
culars of this daily current account should be sorted out 
and classified imder appropriate heads, as for instance, 
house-rent, rates and taxes, fuel and lighting, meat, bread, 
grocery, dairy-produce, clothing, and similar divisions of 
essential expenditure. Besides these, there should be one 
final section of the register appropriated to casual and 
unessential outlay. The figures under these several heads 
should be added together from time to time, and the 
several results be made the subject of careful study and 
comparison. The sum totals of the different heads of 
expenditure for different years should also be examined 
and weighed. One result of this system of classified 
accounts is that it promotes the habit of apportioning 
beforehand the sums that may properly be devoted to each 
kind of expenditure, and so leads to a judicious and 
orderly organization of outlay. The practice is one of 
the most powerful checks upon imprudent and wasteful, 
not to B&y unwarrantable, ex^mditure that can be devised. 
Few consciences can "bear to ^^ AioxWiisMi^vcL^^Bi^^ 
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in the matter of spending, registered permanentiij against 
them in this formal way, without making strennous efforts 
to escape from the reproach. 

When no regular account of expenditure is kept, people 
never know really how their money runs away. It is only 
by means of the quiet and searching after^onsideration of 
such a record that it becomes possible to determine what 
part of the current expenditure is justifiable and necessary, 
and what part superfluous and wasteful, and therefore to 
be in future avoided. 

After people have, by labour and industry, provided the 
immediate necessaries of life for themselves and such 
members of their family and household as are properly 
dependent upon them, there generally remains, if their 
affiurs are reasonably prosperous, some superfluous income, 
more or less, which may be turned to other account, or be 
disposed of in other ways. If this is expended with the 
rest, as very often is the case, it is still an interesting and 
gravely important affair for everyone to know in what 
manner, and to what purpose, that superfluity has been 
disposed of. 

There are three different ways in which any surplus 
amount of earnings and income may be spent. 

1. It may be bartered away for some purely useless 
object, or purpose. It may be devoted to the procuring 
of some passing gratification, or enjoyment, that leaves no 
good result afterwards for the spender or anyone else, in 
which case the money is simply wasted, instead of being 
used or turned to account. 

2. It may be expended for some hurtful and mis- 
cbievous object. It may be applied to the production 
of some result which is injurious and bad for the spender, 
and most probably also for others beside. In that case 
the money is misused, and turned to bad account. It 
will be unnecessary to point OMt tic^\» ^ \^<^ ^ 
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and all frivolous and merely sensnal pleasures are in- 
stances of this mischievous expenditure of money. 

3. Or, finally, it may be applied to some useful object, 
or purpose. It may be employed in the production of 
results that benefit, in some way, either the spender or 
other people. 

Under the arrangements of intelligent and civilized life, 
there are fortunately innumerable ways open to everyone 
in which superfluity of money may be usefully expended. 
But amongst these, two methods stand so prominently 
forward in dignity and excellence that they should be 
constantly present to the thoughts of everyone. The first 
of these is the devoting of money to intellectual pursuits, 
which strengthen and develop the nobler faculties of the 
mind, and which foster a high moral purpose in life. No 
money that is disposed of in this way can possibly be 
otherwise than well and advantageously expended. 

The second of the two most excellent methods of spend- 
ing superfluous income is the employing it in good and 
beneficent works for the community at large, or for some 
particular classes or individuals that are comprised within 
that community ; in the endeavour either to alleviate and 
remove some portion of the burthen of human suffering 
and want, or to help on the great cause of human progress 
and improvement, which finally tends to the same issue. 

The division of the classified account-book which is de- 
voted to casual and unessential outlay affords to 
everyone a ready means of determining by retrospection 
and after-examination the way in which the superfluous 
earnings and income have been distributed, either as an 
investment for good, as a payment for mischievous and 
debasing pleasures, or as a useless, although possibly 
harmless, expenditure. 
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LESSON LIX. 

EARNING AND SAVING. 

DEBIT ATIONS. 

Incidental. — ^Accidental, occurring without design. Lat, incidens^ 

falling out. 
Accrue. — ^To arise as increase ; to grow to. Fr. accroitre, to increase. 
Attribute. — ^A quality, that which inherently belongs to. Lat, 

attribuo, to give unto. 
Estimate. — ^The valuing by a mental act. Lat, aBStimo, to set a 

price upon. 
Competence. — Sufficiency. Lat, computus, sufficient. 
Iniply. — ^To enfold, or wrap up ; to signify. Lat. implico, to 

fold in. 

The money that is earned by the exercise of labour and 
industry, is in most instances immediately, or at short 
intervals, paid to the worker in the form which is termed 
wages. The word wage is derived from the French 
term gage, which signifies primarily a pawn or pledge. 
The wages are in reality the money for which the receiver 
undertakes that certain work or service shall be per- 
formed. 

The wages, in such instance, are provided by the person 
who requires the service, and knows how to turn it to 
account. They are paid because the persons who render 
the service must themselves be provided with the neces- 
saries of life — with food, clothing, and shelter — whilst they 
ate performing their work. The money which enables 
the hirer to make this provision, is primarily derived from 
the proceeds of some labour that has been previously 
performed. In other words, it is a part of some super- 
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floity already saved, that has not been spent in an nnpro' 
dnetive way, but that has been kept to be turned to account 
in the productive payment of fresh labour. 

The superfluity, which accrues from the product of 
labour when all cost of the actual necessaries of life, and 
of some incidental, and perhaps additional, outlay has 
been met, is that portion of the earnings of labour and 
industry which is called savings. The savings are, in 
fact, the amount which remains to the good when affairs 
are so successfully administered that the earnings exceed 
the outlay. No saving is possible unless this is the case. 
The person who desires to save must of necessity, in 
some way, have on income that is larger than his expendi- 
ture. 

This excess of the income over the expenditure may, 
it is manifest, be secured in two different ways. It 
may be brought about either by increasing the income 
until it is in excess of the expenditure, or by reducing 
the expenditure below the earnings, whatever they may 
be. In other words, self-denial, thrift, and simple, inex- 
pensive habits of life, have quite as much to do with 
saving, as well-directed industry and successful work. 
There are many instances of persons with large incomes 
who are the poorest of the poor, because they will spend 
more than they earn, however ample this may be ; and 
there are no less frequent instances, on the other side, of 
persons of small income who are in very easy circum- 
stances, because they do manage, notwithstanding the 
smallness, that the outlay shall be less. 

The whole secret of saving, therefore, is in this way 
resolved into the art of spending less money than is 
earned, and of keeping the wants that involve outlay 
within the means. 

But when by the QxeiQise of frngaHty, forethought, and 
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care, the first step towards the establishment of a balance 
on the right side has been made, it is in every sense well 
that the second step should follow the first ; and that 
consists in doing all which can be properly done to in- 
crease the income. 

There is one method by which the income of everyone 
may assuredly be enlarged. That method is the simple 
plan of doing the work, whatever it may be that is re- 
quired, or on hand, in the most thorough and perfect way 
possible ; to leave no stone unturned that can improve the 
finish and skill with which the appointed task is per* 
formed. Since wages are the money-value of work, it is 
clear that the most direct and least exceptionable mode of 
increasing the wages must be by rendering the work 

more valuable, in consequence of its ex* 

cellence. This applies to every calling in life. It is, 
indeed, a great universal truth which lies at the root of 
all successful industry and of all prosperous labour. 

Taking into consideration, therefore, both ways by 
which a superfluity of earning over expenditure may be 
secured, there are four qualities of character and mind 
that must be looked upon as contributing, before all elsC) 
to the desirable result. These are thrift, sobriety^ 
intelligence, and industry. Without these attri- 
butes the chances are very great against success in life. 
With them few persons, in any kind of calling or pursuit5 
will fail. 

No greater or more lamentable mistake, however, can 
be made than to conceive that money is the only value 
that is earned by work. It is not possible to exercise the 
higher faculties of the mind without realizing by the 
effort a yet higher kind of gain ; without creating another 
form of saving and superfluity, which, under a proper 
estimate of results, is of much greater consequence to the 
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indiyidnal possessing it than silver or gold. This is 
the increase of reason, intelligence, high purpose, and 
moral strength. 

Perhaps there is no more important lesson for any 
young person — of whatever sex, or station in life—to 
learn at the commencement of a career, than that one 

which teaches the sacredness and the intrinsic 

value of work, over and above any money-resnlt that 
it may bring. The wages thus earned are satisfaction and 
happiness as well as money. Money is but the least part 
of the gain. A large part of the realized savings are the 
development of the mental faculties to higher capabilities, 
and the accumulation of knowledge and experience, which 
can be quite as usefully employed and be made to do as 
good service as money. It is a noteworthy truth that 
people who work honestly and earnestly for work's sake, 
and look upon money-payment as an incident in the re- 
sult, receive their due share of both kind of wage ; but 
that people, who work only for payments of silver and gold, 
are almost sure to miss the higher gain, and to find dis- 
satisfaction and disappointment in the end, however large 
may be the more material superfluity they can show for 
their industry. 

The first economical duty in life obviously is to provide 
the necessaries of existence, with some little margin of 
saving over and beyond. When these have been ade- 
quately secured, the right has been fairly earned to give 
some care to that other kind of saving which is expressed 
in intellectual and moral gain. The due apportioning of 
effort to this double aim is a matter that requires judg- 
ment and forethought, together with some allowance for 
the circumstances of each case. 

The energy which is devoted to the mere making of 
money, cannot also be applied, except in a very limited 
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degree, to the development of the mind, and to the 
strengthening of the character. This is why it so fre- 
quently occurs, in life that those who have heen the most 
successful in the accumulation of money, are not also the 
most cultivated and intelligent members of the community. 
Any extra force that is given to the creation and saving 
of money, is necessarily withdrawn from pursuits that 
lead to mental development and power. In all proba- 
bility, those people find the most satisfaction and hap- 
piness in their career, who, when they have reached a 
moderate competence through industry and care, prefer 
for the remainder of their days to exchange the rest of 
their work for intellectual gain rather than money. 

At any rate, there is only one thing that can justify ex- 
cessive accumulation of wealth beyond what is required for 
necessaries, comforts, and wholesome enjoyments — that is, 
the wise application and good use of the superfluity. 
There can be no question as to the fact that large means 
give large opportunities for doing good. But it will be 
at once perceived that this doing good implies that the 
possessor of the means has not neglected the higher 
faculties of his nature. There will be little inclination 
for that noble application of wealth, and little knowledge 
of the way in which such application may be eflficiently 
made, unless a fair share of the attention and time has 
been directed towards mental and moral culture. 
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LESSON liX. 

INVESTMENT OP SAVINGS. 
BANKS, LIFE INSURANCE, AND ANNUITIES. 

DEBIYATIONS. 

Current. — Running, or flowing; happening at the present-passing 

time. Lat cxirro, to run. 
Deposit. — A thing laid or put down, a sum of money put in 

another person's hands on trust. Lat. dep5situni, a trust left 

for safe keeping. 
Stipulate. — ^To agree upon, to contract for. Lat stipulor, to 

make terms for something that is to be given or done. 
Guarantee. — An undertaking, or arrangement that some engagement 

shall be observed. Fr, garantir. Anglo-Saxon, gewarian, 

warranted. 
Premature. — Happening before the proper time. Lat. pre, before ; 

mSturus, ripe. 

Annuity. — ^A fixed sum of money payable yearly. Lat, annus, a 

vear. 

When people, through the exercise of thrift and industry, 
have managed to save some little superfluity of money 
that is not required for current expenditure and present 
purposes, the consideration arises, what may be best done 
with the excess. The old plan used to be to tie up the 
superfluous money in a stocking. At the present day the 
Dutch farmers in South Africa, who are called Boers, 
and who still lead a rude and primitive life like that of 
the olden time, not uncommonly put their superfluous 
gold into their waggon-chest, and carry it about with them 
wherever they go. Neither of these plans is good, 
because so long as the money remains in either the 
Btocking or the chest it is of no use to anyone ; and it is 
in the very nature oi Ob\l l\i^ ^irangements of civilized 
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society that money should always be turned to some 
account. 

When money that has been saved out of the proceeds of 
work is taken to pay the wages of workpeople, in order 
that they may have the necessaries of life whilst they 
engage in further labour, that saving is applied in a very 
different way to the tying of it up in a stocking or 
locking it up in a chest. The money is then at once, 
and very profitably, used. The hirer of labour, when he 
makes the advance of money as wages, knows that it will 
in due time come back, and that it will return to him 
with increase. He merely lends the superfluity which has 
fallen into his hands, that it may come back with interest, 
or increase. In other words, he invests the superfluity 
instead of spending it. This word, which is taken from 
the Latin investio, means to clothe or garnish. Money 
that is invested, and not merely laid by, is clothed or 
garnished with increase, instead of being left naked, or of 
being consumed. 

There are various ways in which savings may be in- 
vested. With all of them the condition equally applies that 
the money is employed in the production of an increased 
return, and that the person to whom the money belongs 
receives at the least some share of the superfluity created 
by its use, and which in such instances is called profit. 

One very convenient method in which savings may at 
all times be invested, is that they can be put into some 
bank. The bank is a place where superfluous money is 
taken care of for the persons to whom it belongs. The 
bank answers first the immediate purpose of making the 
deposits of savings, which are put into it, safe from care- 
lessness, accidents, and robbery. But, over and above 
this, when the deposits are made for some stipulated 
period of time, as, for instance, for aiv ^t^^^^ '^^nst^ S^^ ^ 
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banker then uses the money for tliat time. He either 
lends it to be turned to account in the payment of wages 
for productive work, or employs it in some other way, and 
then divides the profit, or superfluity which is returned 
from its use, between himself and the person to whom it 
belongs. 

The share, which fsdls to the owner of the money and 
which is paid to that owner by the banker, is then called 
interest. Such interest is a part of the superfluity 
that is made by the productive employment of the money. 
When people have saved so much that the interest which 
they thus receive for their savings, is sufficient for their 
daily wants and current expenditure, they are said to be 
independent, which means that they are independent 
of work, because they can then, if they please, live 
without doing any more. The cost of necessaries and 
comforts for the rest of their lives is then provided 
beforehand. But people, who live in this way upon their 
past savings, forego the advantage of the further produc- 
tive employment of what they have saved. In other 
words, they then consume the savings of the past, and 
cease to save any more. 

Taken as the expression of a broad general truth, it 
may be said that the most prosperous communities are 
those which save the most money. On this account it is 
to the advantage of the community or state that every- 
one comprised in it shall work and, to some extent, save. 
Such a condition of affairs is, indeed, the tendency of all 
civilization. What is called the wealth of any state is, 
is a matter of fact, the sum total of the savings of its 
people. This is in some measure expressed by the word 
itself. The term wealth is derived from the old Anglo- 
Saxon word weal, which meant well-being, or a 
sound condition of tilings. 
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It is, hence, a very important matter that banks for the 
due protection and investment of savings should be within 
easy reach of everyone. This has been so strongly felt 
by the Government of Great Britain, that care has been 
taken to bring a bank for the investment of savings 
almost to everyone's door. The Post-0£B.ce Savings 
Bank takes deposits of money at all receiving houses 
for letters, — places which are now found pretty well in 
every village and town, — and undertakes to make pay- 
ments that may be required out of those deposits, at any 
office in the kingdom. The depositor has merely to apply 
for the sum that he requires upon a form provided for the 
purpose, to state where it is wished that it should be paid, 
and to produce the book which contains the record of his 
transactions with the bank. 

In the Post-Office Savings Bank the sum of sixpence 
is added to every complete sovereign that is on deposit 
for an entire year. This is the interest which is allowed 
by the bank for the investment, and it amounts to 2^^ per 
cent, per annum upon the sum. The whole of the money 
which is thus deposited is used by the authorities for 
some productive purpose, and so much of what is saved 
out of its use is given to the depositor as the due share of 
the profit. 

No single depositor is allowed to put more than 80Z. in 
one year into the bank, or to make any further deposit 
when the entire sum amounts to 150Z. The reason for 
this is that the bank is intended for the benefit only of 
persons of small means, and to encourage in such the first 
steps in saving and thrift. When the savings amount to 
more than 150Z. they can easily be transferred to banks of 
another class. 

It is scarcely possible to form too high an estimate of 
the advantage that is offered by this Post-Office Savioiq^ 
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Bank. In the first place it is ready to the hand of every- 
one; and in the next plaoe, it is absolutely safe. The 
money which is put into it is as secure as if it were put 
into the Bank of England, which everyone knows is an 
establishment that is not to break, or to fail in its 
responsibilities, so long as England itself continues to be. 
The guarantee for the safe custody of the money and for 
its return into the hands of the owner when asked for, is 
no less than that of the Government of the State ; that is 
to say, the entire community, through its ruling autho- 
rities, guarantees that all deposits held shall be well taken 
care of and properly returned. The Government and the 
State are the security for the safety of the money. 

The 2i per cent, which is allowed for the use of the 
money placed in this savings bank, is considered, under 
all the circumstances of the case, to be the proper share 
that should be paid to the depositor. It is true that a 
higher rate of interest than this might be made if the 
money were employed in some other way, instead of being 
deposited in the bank. But one part of the advantage 
that results from depositing in this bank, is the absolute 
safety of the savings so placed. It cannot be too clearly 
understood that high rates of interest, in a general way, 
mean risk. The higher the rate of interest that is paid 
for any investment of money, the greater is the proba- 
bility that some unlucky day the money itself will be 
found to have disappeared, having been consumed in some 
untrustworthy scheme instead of being productively em- 
ployed so as to yield a return. A comparatively low rate 
of interest is given for deposits in the Post-(Mce Savings 
Bank, because the sums so deposited are absolutely safe, 
and because it is held above all things important to the 
persona who take their first lessons in frugality and thrift 
by making these deposits, Wi'a^t V!![i<^\t ^\i^rfluous earnings 
shall be secure agamst «X\ ^o%&V)di^\Aa^ ^W^^'^, 
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Another of the ways, in which the earliest savings may 
very wisely be invested, is in making provision against 
snch accidents of life as may put a premature end to all 
further powers of earning and saving, and against possible 
infirmity and need in future years. The remark has 
been well made that the chief difference between the 
savage and the civilized man is that the savage does not 
recognize the claims of the future, and does not with- 
stand any impulse towards immediate gratification and 
enjoyment, whilst the civilized man willingly and gladly 
encounters present self-denial, and sometimes even pain, 
to provide for future claims. This is unquestionably 
true, and furnishes a test which, if it were unconditionally 
and uncompromisingly applied, would show that there 
are yet some savages contained in the midst of the most 
civilized communities. 

The effecting of a life insurance is a good illustra- 
tion of the way in which an investment may be made to 
provide against accident, or to meet future need ; and it 
is an exceedingly interesting illustration, on account of 
a certain excellent principle which the practice involves. 
If a woman or man, who is 30 years of age, puts by and 
keeps in a box 26». every year for 38 years, and then 
dies at the advanced age of 68, there will, at the time of 
death, be an accumulated saving of 50Z. ready for the use 
of any child or relative, or for any provident purpose that 
may have been desired. The accumulation of that sum, 
in such a way, is however manifestly contingent upon the 
continuance of life for the 38 years. If, however, the 
sum of 26«. be paid to an insurance office every year, 
instead of being put in a box, the 50Z. is given at the 
time of death, even although this take place after only 
10, 6, or any yet fewer number of the annual payments 
of 26^. have been made. In this way the child or tha 
relative of a person, who haa in tq8^\>^ «»»^^\ ^^^ 
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only 62. 5«., and who then dies prematurely at the early 
age of 35, gets BOl^ just i^ the same way as if the fall 
number of 38 payments had been completed. 

At the first glance it seems somewhat strange that a 
payment of 50Z. can bo made in return for an investment 
of savings of but a little more than 6Z. There is, how- 
ever, a very plain reason why this can be done. The 
remaining part of the money is made up by the relatively 
large nmnber of the people who insure. Each one is 
charged a higher rate of annual payment than would 
otherwise be needed for the insurance, in order that the 
superfluity thence accumulated may be available to make 
up the deficient deposits of those who have the misfortune 
to be suddenly and prematurely snatched away from life. 
The system of life insurance is based upon the benevolent 
principle that the hale and strong, who live to a mature 
age, contribute to the provision that is made by the frail 
and less fortunate. A small extra payment from each 
is sufficient to secure this provident result, because com- 
paratively many people endure to an advanced period 
of life, and comparatively few are snatched away pre- 
maturely. 

The great reason why it is well to insure the life, 
where there are children or dependents to be provided 
for, is, that each person may possibly be one of those who, 
by premature death, is prevented from completing the 
amount of saving that is proposed. The entire arrange- 
ment hangs upon the consideration, that, as each one pays 
something for the advantage of the affairs of those who 
die before their time, each one may fairly and honestly 
receive the benefit for his own affairs in case of premature 
death. 

This opportunity again is brought to everyone's door 
by the arrangementa oi \\i<a^o«»\. Office. In many of the 
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principal offices, insarance may be effected up to the 
extent of the proviBion of lOOZ. to be paid at the time of 
death. Tables are prepared to show how much each 
insurer is required to deposit according to the age at 
which the insurance begins. Thus, it will be seen, in 
these tables, that a woman or a man thirty years old may 
insure 50Z. being so paid, by depositing twenty-six pence 
every month, or 21. 68. Id. every year. 

A third notable form, in which some provision for 
future need may be made out of the savings of the present 
time, is that which is effected by what is termed pur- 
chasing an annuity, to begin at a certain age. If a 
woman, at the age of 30, began to put by 11. lis. 6d. a 
year, at the age of 60 there would be a saving of 562. 5^., 
irrespective of any increase made meanwhile by the use 
of the accumulating money. But if, at the age of 80, 
she began to deposit IZ. lis. 6d, a year with an insurance 
office, she may claim, at the age of 60, an annual pay- 
ment of lOZ. for the rest of her life, however long that 
may be, instead of the return of the deposit. A man 
receives the same advantage on making a yearly payment 
of IZ. 88. 4{2. for the same 30 years, because he is to a 
small extent less likely to live long enough to claim the 
payment. This business also is conducted by the Post 
Office. A woman or a man may secure an annual 
payment, commencing at 60 years of age, and not ex- 
ceeding the amount of 50Z. a year, on making yearly 
deposits, according to the scale which is marked in tables 
that are furnished by the department. The advantage of 
this form of provision is that at the advanced age a larger 
yearly payment is secured than the money could other- 
wise yield. 

In these arrangements, again, it is the advantage, it 
will be observed, of those persons who are learning 
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the first lessons of saving that is provided for. Wlton 
larger sums require to be dealt with and more ample 
provisions to be made, there are various insurance and ^ 
annuity companies ready for the purpose, which impose 
no limit whatever upon the amounts that are secured 
either in the form of payments at death, or of annuities 
on arriving at ripe age. 

The official notice of the opportunities which are 
offered by the Grovemment, in connection with the depart- 
ment of the Post Office, for fostering the habit of saving 
in the working classes of the community, states for the 
information of the public, that there is a Post-Office 
Savings Bank in every town, and in most villages of the 
kingdom, and that, at the chief of these savings b&nks, 
there is also an office for effecting insurances on life, and 
for the sale of annuities. A list of the places where 
there 4kre provisions for these purposes, and printed 
papers giving t£e most detailed information as to the 
conditions^-'that^ have to be observed and the sums that 
have to be paid, are kept in all post-offices. It should be 
universally known also that any further information 
desired, over and above that supplied in such papers, is 
at all times furnished in reply to inquiry addressed, in 
the form of a letter, to the Secretary of the General 'Post- 
Office, at 'London. The care of the Government to sprecid 
as much informaiion as possible about these admirable ar- 
rangements for the provident investment of small savings, 
is so great, that such letters of. inquiry do not need to be 
paid, or to bear the usual postage stamp. It is an in- 
teresting proof of the extent to which the Post-Office 
Savings Banks are already used, that at the end of the 
last year they contained very nearly 27,000,000Z. of 
deposits. 
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